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PREFACE 


ne prompt, kmdly healmg of wounds, 
g a rarely attamed goal of the most adept 
^con, has become so routine that modem 
g ons habitually assume the miracle of 
1870^8 to be an attribute of their own 
rather than a specific system of treat- 
t as effective and spectacular as that of 
emotherapy Indeed, a wave of chemo- 
> cutic hystena has engulfed many sur- 
, whose aseptic treatment is unknow- 
•ly so sketchy that wound complications 
^<me their work 

i c aseptic treatment of the wound in 
operating room is the cuhnmation of 
much daily thought and effort on the 
of those to whom the responsibihty for 
details has been relegated that most sur- 
ons think of asepsis only as the use of 
bber gloves and a few sterile drapes 
dly enough, the host of laymen who 
iitnbute to asepsis mfluence the stenhty 
the operative field more often than does 
^ surgeon 

This monograph is an attempt to corre- 
■ the knowledge and effort of all who 
. tribute toward the aseptic treatment of 
onds, much as did Curt Schimmelbusch’s 
jnograph of similar title fifty years ago 
'hile It was written primarily to serve as 
text for medical school courses m surgical 
chnic. It is hoped that it will enable manu- 
cturers, salesmen, architects, trustees, 

’ <■ <;trators, contractors, and craftsmen, 


Clans, to orient their contribution to the 
care of the patient and make them realize 
their grave responsibility for his safety 

The scientific data presented may prompt 
nurses and surgeons to question the wisdom 
of pride m a traditional technic and con- 
tinued subservience to expediency Failure 
to standardize aseptic technic on a scientific 
basis IS m itself an outstandmg fault, because 
the successful performance of any technic 
depends upon the respect and cooperation 
It commands from all concerned with its 
proper function Every change m personnel, 
whether among surgeons, nurses, medical 
students or lesser subordmates, mtroduces 
imcertamty m the cham of safety until the 
newcomer forgets previous traming, which 
may well have been superior, and learns a 
new brand of “asepsis ” Carelessness, tra- 
dition, expediency, and habit dictate many 
technics, whereas safety for the individual 
patient demands a basis of fact and a stand- 
ardized technic 

The technic described, one of several 
acceptable techmcs, is that elaborated 
at the Peter Bent Brigham Hospital and 
expresses the surgical philosophy of Harvey 
Cushing and Elliott C Cutler Many sur- 
geons and nurses have contributed ideas 
and constructive criticism and, above aU, 
were tolerant and understanding when it 
seemed easier to do things “the old way ” 
The author was fortunate m working with 
Catherme Richards, Esther Kinney, Bridget 


ch as plumbers, steamfitters, or electri- 
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Eganj and Elizabeth Comiaky, successive 
operating room supervisors, each of whom 
aided m improvement of tcchmc dunng the 
past twelve years 

The myriads of questions prompted m 
the mmds of medical students, mtemca, and 
nurses by the mconsistenaes and discrep- 
anacs m aseptic technic established the need 
for this book* Numerous adventures m hos^ 
pitals where postoperative infection and 
sepsis presented problems broadened its 
scope* Even withm one hundred miles of 
Boston, hospitals were visited where instru- 
ments were not sterilized routmely between 
cases, where the chamber of a steam sterili- 
zer had never been connected to the steam 
supply, vdicrc waterproof duck was used as 
sterilizmg wrappers, where the dry goods 
frequently burst mto frame as they were 
withdrawn from the sterilizer, where the 
supermtendenfs hero \vas an orderly who 
“sterilized” twice as much dry goods m 
half the time usually needed by the nurses 
by sunply pushing the packages through a 
double ended autoclave mto the “sterile” 
supply room* In each instance, surgeons 
requested help to solve problems that basic 
knmvlcdgc would have avoided 

Authonucs m the surgical trade often 
proved to be the ultunatc source of knowl- 
edge and the prmapal sterilizer manufac- 
turers have put their facilities at the author’s 
chsposal 

Special mention must be made of the 
assistance of Adolph Watzka who has made 
a noteworthy career of enforcing aseptic 
technic, as can be attested by the ^ousands 
of patients he has lifted to the operating 


tabic and the hundreds of students an 
young surgeons whose technic bears th 
imprmt of his corrections 

The bibhography is not exhaustive O 
thousands of references, only those of sig 
nificancc for the student mtcrcsted m mor 
detailed kncnvledgc are listed 

The illustrations, particularly the grapK 
and diagrams, arc shown ^vlth suffipen 
poetic hcensc to emphasize the basic pnn 
aplcs mvolvcd rather than to represent th 
actual data* The latter can readily b 
obtamed by refemng to the original wor 
for which references arc given* 

The diagrams which clarify te ch nical 
pomts were produced m collaboration wth 
draftsmen of the WUmot Castle Company, 
Rochester, New York 
So much of the book is earned by the 
illustrations that Miss Mildred Codding 
has played the role of co-author rather than 
artist. The author is grateful not only for 
her skill but also for the loyalty and per- 
sistence with which she earned on for six 
months while he was convalescent 
The mdustry and devouon of Miss 
Dorothy Wysocki are responsible for the 
preparation of the manusenpt, lettenng of 
the graphs and diagrams, and buildmg of 
the mdex- 

The manusenpt was revic^ved by Dr S 
Burt Wolbach His suggestions and cnti- 
cisms \vcrc appreciated greatly 

Finally, the author acknenviedges the 
stimulus and inspiration of Dr Elliott C 
Cutler whose zeal bndged the North At- 
lantic to goad publication 
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CHAPTER 


THE IMPORTANCE OF THE ASEPTIC TREATMENT OF WOUNDS 


— Curt SammcLBUscji, 1893 * 


“It IS \\-dl for lu, \\ho have profiled by 
the achic\'cmcnts of our predecessors, and 
\\'ho \\*atch the progress of saence perhapM 
not ^\^thout occasional misgivings, to look 
back upon the past and gauge the \'aluc of 
\N*hat we haNo inherited We need not go 
back to anaent times, m which the perform- 
ances of surgery were emmped by want of 
anatomical and physiological kncn\ ledge, 
no less than by imperfect technique, we 
need go no further back than thirty or forty 
years Let us compare the modem epoch of 
our science wth that penod, m which the 
highest abiliues and a degree of operative 
doll, that we cannot hope to surpass, were 
powerless to control the dark issues of the 
fate that hovered over the wxmndcd, making 
all calculauons of the results of operations 
futfle. At that time, the idea of a wxnmd 
was inseparable from that of fever, the heal 
mg of a svoimd without inflammation was 
not knmvn, and woimd fever and wound 
mflammaaon appeared to be the normal 
reaction of the injured organism It wtis 
then that PirogolT wrote his treatise on luck 
In surgery, m which, after long years of 
surgical practice, he so resignedly gave 
expression to the feeling of the futility of his 
own sJolI, and estimated the influence of 


the surgeon, of the method of treatment, 
and of mechanical dextenty, at nothing 
compared with that of chance in dctcrmin 
mg tlic success of an operation Suppura- 
tion, purulent edema, hospital gangrene, 
erysipelas, and traumaiic tetanus, the 
scourges of surgery, as PirogolT* aptly terms 
them, dogged the steps of the surgeon and 
frustraicd his success 

“Lindpaintncr * wntca of Nussbaum’s 
Qinic in Munich as follows ‘Eighty per 
cent of all wounds were attacked by hospital 
gangrene. Erysipelas was so much m the 
order of events, that its occurrence could 
almost be regarded as normal, it w’as a 
stondmg axiom to sew up no scalp wound, 
healing by primary intention W'as practi- 
cally unknown, and sutunng had at most 
the r«ult of favouring by retention of secre- 
tion, the occurrence of erysipelas. In one 
year 11 out of 17 amputations died of 
pyaemia alone, m our department a com 
pound fracture was very rarely to be seen, 
for either the limb was amputated at once, 
or the occurrence, m a few days’ time, of 
purulent infection, hospital gangrene, and 
septicaemia rapidly led to a fatal result’ 
The mortality after compound fracture, m 
Volkmann’s CHuuc at Halle, had been 40 


*S oT QQ fU J mK ji,QjitT Tkt 'PaotJorTN STt*. LdpiiS, ISM 

BerUft, 1#93 Chapter I tr»jnl*ted by Alfred T lUke, • LororACmrtji J Erpiniwe do- Una’tdxn Wuad 
1894 H K. Lewfa uxl Oornfarry Ltd. hriantfliins. DtwjOt / Cfcf 7il87 1S77 
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Figure 1 

Facsimile of the title page of Aseptic Treatment 
of Wounds by Curt Schimmelbusch, Berlin, 1893 

per cent during the long period of his prede- 
cessor’s rule as well as during his outi, and 
in the years 1871 and 1872 the number 
of the we tims claimed by pyaemia and 
er)'sipelas was so large, that Volkmann 
entertained the idea of closmg his Clinic 
for a time. 

“Hotv different is all this at the present 
time! The Clinics, in which ttventy years 
ago hospital gangrene was reckoned the 
most frequent disease of wounds, are now-a- 
dat’s in such a condition, that the medical 
student no longer has the opportunity of 
seeing hospital gangrene, and most young 
surgeons no longer recognise the disease 
The most serious operations under modem 


surgeons run a favourable course with such 
a certamty, that the chance of a failure in 
the healmg hardly enters mto their calcula- 
tions. Fatal inflammation after amputation 
should, as a rule, no longer occur 

“There is now no such thmg as good and 
bad luck m the treatment of a wound, the 
fate of the patient hes m the hands of the 
surgeon who performs the operation and 
dresses the wound The old saymg of Am- 
broise Pare, le pansays. Dim le guariif has 
ceased to be the involimtary motto on the 
shield of the operatmg surgeon, and m 
putting on the dressmg, the surgeon under- 
takes the entire responsibihty for complete 
and certam healmg. ‘A short time ago/ 
says Volkmann ^ m his excellent way of 
expressmg it, ‘the surgeon when he had 
completed a bloody operation, accordmg to 
rule, was like a husbandman, who having 
sown his field, waits with resignation for 
what the harvest may brmg, and reaps it, 
fully conscious of his own impotence against 
the elemental powers, which may pour 
down on him ram, hurncane, and hail- 
storm Now he is a craftsman from whom 
one expects good workmanship ’ 

“In the duration of the processes of heal- 
ing, modem surgery has been revolution- 
ized In 1875 Nussbaum ^ complains that 
accident cases from the ivorkmg classes 
were only pro\dded, accordmg to contract, 
for nine weeks m hospital, and adds that 
for many this limit was not sufficient, that 
even m the case of qmte insignificant 
wounds, healmg was not complete till much 
later, oxN-ing to inflammation The healmg 
of an amputation of the breast usually took 
from three to six months, the healmg of the 
major amputations often several months 

* Von V 0 LS 1 IA.VN, R. Uefatr den antiscptischcn Oc- 
clusjvN erband, &c , die BebandJung dcr comphaerten 
Fracturen, die moderne Clururgic, Aomm/ Klin Vorlroge 

ChintTgie, 30 

* bTcssEAUii, J N Listed s grosse Efndung, cm klinischcr 
Vortrag, Munchen, 1875 



Now we see amputatioris of the breast, with 
clcarmg out of the axilla, get well m a fort 
night, and complain, if m a case of amputa 
Hon of the thigh we have to keep the patient 
m the hospital over the third week, m order 
to have the artificial limb adapted Our 
ideas arc entirely changed. We no longer 
believe that the healing of a fresh wound 
must be dificrcnt m the ease of a cancerous 
or tuberculous patient from what it is in a 
sound one. The spectre of diathesis to 
wound inflammation has disappeared We 
operate, with the assurance of unmtcmiptcd 
healing, on the youngest and oldest no 
less than on the fully developed adult The 
modem surgeon no longer anxiously avoids 
mjury to the joints and body cavities, but 
without hesitation opens the abdomen or 
the skull, and touches organs which to the 
anaents were a noli me Umgere 


‘Tor this entire transformation m our art 
of healing, we have to thank the great dis- 
coveries, which at one stroke have dispersed 
the darkness which has hung for thousands 
of years over the infection of wounds These 
discoveries have shown us that, like putre- 
faction and fermentation, wound infection 
depends upon mmutc organisms, and that 
It IS only necessary to prevent their access m 
order to do away with the infection of a 
wound 

“And although the weapons, which we 
to^jay use against the now recognised foe, 
arc no longer those which were first chosen, 
and although yet better be discovered m the 
future, our gratitude will always remam 
the same to him who first showed us the 
path along which we progress, and the 
name of Lister will always be illuminated 
with the bnghtest light” 
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CHAPTER n 


THE DEVELOPMENT OF THE CONCEPT OF ASEPSIS 


For this disease seized such women only, as were visited, or delivered by a practitioner, or taken care oj by a 
nurse, who had previously attended patients aJecUd with the disease 

In short, I had evident proofs of its infectious nature and that the infection was as readily communicated as that 
of the small pox, or measles, and operated more speedily than any other infection with which I am acquainted 

— Alexander Gordon, 1795 ^ 


Many of the daily problems in aseptic 
technic, particularly those raised by mcon- 
sistencies and discrepancies m methods 
advocated by various surgeons, are easily 
understood and evaluated lA'hen analyzed 
from the perspective that the history of 
asepsis affords, figure 2 Many records give 
the retrospective impression that the author 
recognized that communicable disease can 
be controlled or that postoperative suppura- 
tion can be prevented At best, they were 
but sporadic expressions of empinc thought 
and did not exert lasting influence William 
Henry for example, descnbed the hot air 
sterilizer m 1832, figure 3, as a means of 
destroymg the contagious matter of scarla- 
tina Dry heat (stovmg), however, was 
used only sporadically until bactenologic 
study established its worth in 1881 Durmg 
the period when the concept of controUmg 
communicable disease was elaborated and 
aseptic technic wsis evolved, a thousand 
odd contnbutions to the hterature built 
the tradition upon \vhich modem technic 

* Gordon, Alexander A TTtalisi on the Epxdtjmc 
Puerperal Fever of Aberdeen London, 1795 

* Hesrv, W Further Experiments on the Disinfecting 
Powers of Increased Temperatures Phxlosoph Mag , 

11 22, 1832 
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stands Half of these concerned aseptic tech- 
nic The various brands of asepsis practiced 
today represent branches of the main stem 
which has outstripped them Forty-two 
references of those listed in the bibliography 
represent only the technical headimers m a 
movement which covered roughly the nme- 
teenth century. 

The evolution of operative obstetrics was 
responsible for a cham of contnbutions on 
the etiology of puerperal fever which led to 
the establishment of the idea that communi- 
cable disease can be checked by ngid con- 
trol of the channels which are responsible for 
its spread Puerperal fever was a rarity until 
obstetneal operations fanned it to epidemic 
proportions and presented the profession 
with the grave problem of controUmg a 
“professional pestilence ” ® 

Charles White of Manchester, England, 
the “Man Mid-wife Extraordmary to the 
Manchester Lying-m Hospital and Chanty 
for Dehvermg Poor Mamed Women at 
Their Own Habitations,” also a great sur- 
geon and the principal founder of the Royal 
Infirmary of Manchester, spearheaded re- 

* Cutter, I S History of Puerperal Fever, ObsUtrtes 
and Gjmecotogy Philadelphia W B Saunders Co , 1933, 
Vol I, Chapter 2 
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mcry bf*llnt la cle Ql » t wr 

IS70 

Attempted OK of dry dnaiio() 
ccerlUo^l by cfalortiK fa 


1912 


KOqi. ROEERT 
1S43 


ir 76 

PobCifacd Traiiiwlt h^tdat 
DiiMMT 

1*81 

Andicpda aad ttaUltat 


1910 


FiociiE 2 


[ 7 ] 



^^OLUTION OF ASEPSIS {Continued) 


LUCAS- 

CHAMPIONNIERE, 

JUST 

1843 

(Work done in Pasteur’s lab- 
oratory) 


1876 

Invented a steam sterilizer 
(120°C) to destroy resistant 
organisms 


1913 


VON EERGMANN, ERNST 
1836 


1880 

Developed antiseptic technic 
based on bichlondc of mer- 
cury as the disinfecting agent, 
recognized the importance of 
hemostasis m preventing post- 
operative infection 
1889 

Published Antiseptic Treatment 
oj Wounds 


1907 


NEUBER, GUSTAV 
1850 


1880 

Introduced concept of "asep- 
tic design’’ making of surgical 
instruments and operatmg 
room fumishmgs 
1882 

Used caps and gowns 

1883 

Abandoned irrigation with 
bichlondc of mercury, used 
only isotomc sodium chlondc 

1884 

Advocated obliteration of 
dead space and elimmation of 
drains 


Figure 2 
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EVOLUTION OF ASEPSIS (Caiftwf) 


^STDUFHUCEU GUSTAV 
]ft45 

(Walt (koe bi Koch'i Ubcv 

marjr) 


lUl 

SnttQcd bacurlolofT at ho( 
tir tterCIbcr 


lt99 


CATTk^, OtORO 

1«W 

(Work doae In Kocb* Ubo- 

mxj) 


LOEfTtXR. micDRiai 
1B52 

(\^ork dooe ta Kochi Ubo 
ntovy) 


]U1 

I n 'i v otgd « tttcta «er{Qzef 
•jul tn«lkd (u b*c tcfiokj fy 


189t 

Invtand a ream iterOIreT 
tod iTudlod la bttteriolcvy 


1911 


1915 


FiauRE 2 


fOV r^ktARQf, EftVPJ 
1855 


ISM 

IMd drjr RorOe droriofi tar 
nntU wousdi 

1888 

Snsfied e(7ect at fuperhctlod 
Ream (a RrHJlm- uhrocated 
routioe btctcHologlc proof d 
RcriUiitko 


1915 
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evolution of asepsis ( Conttnued ) 


KUSTER, £R2^ 

1S39 

SCHEDE, 

1S44 


SCHEMMEOUSCH, 

CURT 

:S60 

(In Emn von Bsrginaiin’* 
cknic) 


3SS4 

DsscribsdoM of b jncd snrurcs 


1SS5 

Usid roam, far stcrilnancn of 
dirssfnrs 

1S91 

Stiibrs'd nsll brnsbcs to 
ciitoi spread of sepds; added 
2“^ sodrnm caxbanate lo baS- 
inj vs-a.ttT TO inHbii its c on o- 
sdroness and increase its gcnni- 
ddal pcr^^'c^ 

ISU 

Pcbllsbed -icpn.- Jrfennc:; ^ 
Jlbrear 

1SS5 


3SP6 

Described priraair healing un- 
der scab 


1902 


1 ? 


3D 


Figv^ 2 


DA^TDSOHX. HUGO 
1S59 


18SS 

Justified use of bcdhng ■»\- 2 tcr 
fiardisinfecaon 
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EVOLimOM OF ASEPSIS (CcnhmtJ) 


VON BERCMANN 
APOLTH 
1836 
u>d 

LANPERER, ALBERT 


1U9 

U«d d(y opcmlre field, td> 
rtseurd a ccuttf e bsootmb 
f Hriftirfd tfriytikm applied 
drydre^aff 

I 

1907 

CVON BERCMANN} 


HAUTED. WILLIAM 
IIU 


FROSat. PAUL 
1860 
and 

CLARENBAar 

Al-JlXANPEJt 


1U9 I 

latredueed mbber to 

protect haodi P ueri bed pbyika c! fteam Va 

1890 a«triU»T 

OxTcUted lurfleaJ tec hide 
wilii wooad bralla^ 

1894 

Cki«n uard to cxchide hinrfi 
Crotn wousdi 


1922 


1928 

(FROSCH) 


Fiouns 2 


rLUCOE, CARL 
1947 
aod 

VON XnKULIGZ- 
RADECKE TOHANN 
1830 


1896 

Studied b^Krlologr of tin 
Bffcjted maikiof* med Dutib 

I 

1905 

(XnRUUCZ-RADEOU) 


1923 

(FLUOOE) 
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Diagram of a hot air sterilizer deiosed by “W tiTham 
Henrj' in 1832 published in an article in Phlosoph- 
cal liiaga^pic 11:22, 1832 The insulated C steam 
jacketed D dismfecting chamber B ivas readily ac- 
cessible by removing the loosely fitting hd Steam 
from the boiler G was led to the jacket D to heat the 
v,-all of the disinfecting chamber. The vent pipe A 
removed odore The instructions were: “The vessel 
G is to be filled about two- thirds vdth ivater, ivhich, 
to save time, may be nearly boiling at the outset 
Being set over a fire, and the joints that require 
it haling been made good by flour paste spread on 
paper, the opening G is to be shut by a cork or plug, 
and the small air-cock opened, to allow the escape 
of air confined in the space DD. Both halves of the 
cover being then put into their places, the thermom- 
eter is to be introduced through the slit. IVhen it 
indicates upiimds of 200°, that half of the cover 
from which the pipe A proceeds is to be removed, 
the infected artides are to be placed in the recep- 
tade, and the half-cover replaced The fire under 
the boiler is to be regulated, by the rate at which 
the excess of steam issues from the small air-cock. 

“If thought expedient, a higher temperature than 
212° Fahrenheit may easily be ob tamed in the 
receptade, by subjecting the steam to a greater 
pressure than that of the atmosphere; the apparatus 
being in that case provided with a proper safety- 
vnlve.” 

form in obstetrical technic b)’' his Treatise 
m the Management of Pregnant and Lying-in 
Women. He wrote that puerperal fever was 
due to putrefaction of lochia stagnating in 
the womb and termed it putrid fever (1773) 
because he thought it a systemic reaction, 
similar to surgical fever due to absorption 


from abscesses and infected ulcers He ad- 
vocated postural drainage and quickly 
appreciated the value of Vaughan’s bed, 
which was provdded with a mechanically 
elevated backrest to support the patient m 
the sitting posture advocated years later by 
Fowler for the control of pentomtis ^Vhlte 
introduced the dual concepts of cleanliness 
and isolation of the lying-m room, because 
he noted the higher incidence of fever among 
w^omen in dirty and crowded hospitals He 
w'^as particularly emphatic regardmg the 
isolation of those w^ho had fever. ^ His book 
was wadely read and translated and pro- 
voked creative thought among his confrCTes. 

A collaborator of White, Thomas Kirk- 
land,® described the uterus in puerperal 
fever as a septic wound from which toxic 
products that caused fever were absorbed. 
He was militant against the current opimon 
that puerperal fever was a spontaneously 
occurring disease. 

There were many authors who confirmed 
the observations of ^Vhite and Kirkland 
prior to the pubhcation of Alexander Gor- 
don’s epidemiologic study of an outbreak of 
puerperal fever at Aberdeen in 1795, fig- 
ure 4 He likened puerperal fever to ery- 
sipelas and clearly recognized that during 
erysipelas epidemics, hospitalized patients 
developed erysipelas in the vicirnty of trau- 
matic wounds shortly after admission and 
that postoperativ^e wounds readily devel- 
oped erysipelas ^ Gordon described puer- 
peral sepsis as a specific contagion implanted 
or conveyed by the practitioner or nurse 
who had prevfiously attended infected pa- 
tients He foimd the disease easy to control 
by the simple procedure of washing the 
hands and donning clean clothes before 
examimng the pregnant patient Surpris- 

■* 'Whtix, Charles A Treatise on the Management oj 
Pregnant and Lying-in Women London, 1773 

‘ Kirxlakd, Thovias a Treatise on Chtld-hed Fevers 
end on the Methods oJ Preventing Them London, 1774 


[ 12 ] 



A TREATISE 


PEAOnOAL TREATISE 


EPIDEMIC PDERPERAL FEVER 


MIDWIFERY, 


SIXTEEN THOUSAND SEC HUNDRED 
AND FIFTY FOUR BIRTHS, 


THE DUBLIN LTINO-IN HOSPITAL, 


BT ALEXANDER. CORDON K 0 
MrnriA* to nrx Hoa<»Aat 


A niioD or mxx tuu, 


ROBERT COLLINS, M D 


toxmx, un, ova. ucma oun ajtd untoiox 


FtnirniTe of the title pt^ of A Trraiut m Uu 
Ep%demu Puerptral Fever ^ Aherdttn by Algander 
Gordoti, Loodoo, 1795 

mgly, these ngnifiomt observations were 
accepted by but few and puaperal sepsis 
continued to be prevalent despite the wnt- 
mgs of others ivho elaborated the ongmal 
concepts of White and Gordon 

The most outstandmg dcmonstratioo of 
the case with which the disease can be con 
trolled was that of Robert Colhm who dis- 
infected the rooms of the Rotunda Hospital 
of Dublm with chlormc gai and subse 
qucntly practiced tenmnal disinfection of 
the quarters and furniture with “chlonde 
of lime’ (CaOClj) mixed with water • 
Blankets and the like were disinfected by 

* CoLUM, Ro»nrr A Frubal Trmtm m Uximjery 
London, 183S. 


Facsimile of the title F»Ec of A Prortinl Treatist 
ca Mida^fery by Robert CoUcu, LoDdon, 1835 

hot air During the four years this routme 
was performed, not one patient of the 10,785 
succumbed to infection, figure 5 The gross 
maternal mortahty was but 0 53%. Dus 
demonstration was particularly significant 
because the Rotunda Hospital had long 
recognized the value of cleanliness m the 
suppre ssi on of the disease and also because 
a senous epidemic of puerperal fever broke 
out when the use of chlorine was abandoned 
by Collms* successor Despite this strikmg 
demonstration, Collins’ methods were not 
used elsewhere. 

In 1843, Ohver Wendell Holmes became 
the articulate exponent of the theory of the 
13] 





FlGtTRE 6 

Facsunile of the title page of The Etiology, Theory 
and Propfylaxis of Puerperal Fever by Ignaz Scmmel* 
■\\ei5, Pest, 1861 

contagiousness of puerperal sepsis and re- 
iterated the idea that puerperal sepsis was 
a disease which followed the doctor around ^ 
He formulated logical rules for professional 
conduct and stimulated much discussion 
among American doctors which culmmated 
in reform in techmc 

The etiology of puerperal fever w'as 
finally established by Ignaz Semmeltveis 
\\ho had pondered the discrepancy between 
the mcidence of sepsis on the wards m 
charge of midwives and those cared for by 
doctors and medical students, the latter 


group m one year showed a mortality of 
9 9% due to sepsis While attending an 
autopsy on his colleague, Kolletschka, who 
died from sepsis foUowmg a wound inflicted 
while dissectmg a cadaver, Semmelweis 
was struck by the similarity between the 
disease that had robbed him of a colleague 
and that which he had seen in patients 
suffering from puerperal fever He recog- 
nized that the hands of students working in ^ 
dissectmg rooms earned contagious mate- 
nal to the patients subsequently attended 
To check this, he enforced the use of 
chlormated lime as a hand wash to remove 
the cadavenc particles which he believed 
were conveyed to the pregnant women 
through the agency of the examining fin- 
ger ^ By thoroughly disinfecting the hands 
and washmg them m chlorine, Semmel- 
weis was able to reduce the mortahty due to 
sepsis from 18% in 1847 to 1 27% of the 
3,556 patients dehvered dunng 1848 Later 
he recognized that putnd discharges from 
puerpera and mfected wounds also conveyed 
the disease Semmelweis finally learned, 
figure 6, that disinfection of the examimng 
hand alone did not prevent puerperal sepsis 
and recognized that isolation of the lymg-m 
chamber, as advocated by White, terminal 
disinfection, as demonstrated by Colhns, 
and the avoidance of instrumental trauma 
to the birth canal were essential to complete 
control ® Semmelweis’ career was unhappy 
because of the frmtless controversy his wnt- 
mgs stimulated and because a reactionary 
profession did not apply his hfe-savmg prin- 
ciples His broodings led to his admission 
to a hospital for the insane m Vienna, where 
he succumbed in 1865 to spreadmg infec- 
tion from a pricked finger 

* Hebra, F Hochst wichugc Erfahruagen fiber die 
Acdologic dcr in Gebaranstaltcn cpidcmischen Puer- 
pcralficbcr K K Gesillschaft der Arzte zu Wien, , 4 242- 
244, 1847-1848 

* SEJOtELUXts, I Tie Aelwlogie, der Begnff und die Pro~ 
pfplaxis des KindbetlJUberJ Pest, 1861 


* Houies, OLn’ER tv Contagiousness of puerperal 
■•cr, XECij Med & Sing, 1-503, Jul>, 1842 
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The appearance of Louis Pasteur’s Mmf 
ow on Akohoiic Fermenlaiionj^^ figure 7, is 
significant m the development of aseptic 
tcchmc because it influenced the t hin ki n g 
of two rhninflns Spcncer Wells, who cn 
joyed the reputation of being the “abso- 
lutely safe ovanotomist,” “ despite a post 
operative mortality of 54%, mterpreted 
Pasteur’s ^vo^k as demonstrating that clean 
liness and isolation prevented postoperative 
infrrtinn. On the basis of Statistical studies ^ 
he convmced himself that sepsis was more 
frequent m large crowded hospitals than in 
pnnll ones. His thought on hospital con- 
ftructioD IS responsible for the pa%nhoa 
type hospital with provisions for the isola 
tion of postoperative and septic patients. By 
applymg his convicUons, he was able to 
reduce his postoperative mortahty to 11% 
m 1882 

The growth of the concept of asepsis re- 
sulted fixjm Pasteur’s work being read by 
Joseph faster, a physiologist and surgeon 
who had already established himself as a 
scientist His wcn4c on smooth muscle, the 
histology of the retina, the dotting of blood, 
the inflammatory reaction, were notable 
contnbutions,^* He repeated and confirmed 
Pasteur’s woik and applied it to the treat- 
ment of compound fractures, figure 8 He 
demonstrated that they could be converted 
mto simple fractures by proper excision of 
the devitalized tissue and ^ apphcation 
rf an antiseptic dressing As a result, 
his mortality from compound fractures 
dropped from 45% to 9%. faster tned the 

* PAtTTm, Lena. Mtmetn ntr U /rrmnUtm 
Imprlmerie de MoDet Bicfadkr PtrU, I860 

° Gauboh F H. a* IwtnJxtit* B tit Histmy tf 
MtSaat Phllidelphli W B. Siuodat Co., 1929 4ll» 
cdhKp, p, 601 

“Welu, Spxkcdi T Cnnci of Execahre 

Momhty »fter Sorgkal OpentioDi, Bnl M 7^ 1:584 
1864 

** Tkt aOtettJ Ptptn rf Lmdjtitfi Itsin Oxfixrl 

Oareodon Prea, 1909 


MEJIOIRE 


FERMENTATION ALCOOLIQOE, 


Pn )L L PASTEUR 


PAWS, 

Mpaamug dc Muurr-axcajtiiEB 

iica 


Frouajs 7 

F»c*iinile of the title page of hitmaa o« Mesihtixe 
Ftpnanietum by Louii Paslcur Parii, 1860 

same approach to the treatment of tu 
bcrculous abscesses, which, carher had 
always become sccondaniy infected fol- 
lowing drainage.** He showed that with 
drainage such wotmds would heal, provided 
they were protected fixim contamination 
from the air by suitable antiseptic dressmgs. 
He next apphed his theory of protection 
against air borne contamination to the 

” Lotu, JottTH' On tbc New Method of Timdnj 
Conjpotiad Fnctnrc, Ahacoi, etc., vrith Otoermtioca oo 
the OnndldoTa of Scppuimtloc. Part I on Compouad 
Fractnre, Lm Jm iMnai 1:564 418 622, 1867 

“ Lotu, Joaa™ On the New Method of Tearin g 
Compound Fraetore, AhactM, etc., Laacrt, 2:95, 1867 
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OK A 

KKW MF/nrOD or treating compound 

FRACTURE, ARfoOESS, ETC, 
vnrn ommvATiotin ok tjie cokditioks or 

tlVVl'VJlATJOU, 

Jiy Jopurn LisTrn, Eflq., F,R S , 

)'rol'ttvr lit IJuri;fry ill Ibo Unlvertllyof Olujoir. 


r A n T I 

OK COMKOUKD mACTDIlE, 

Tkk frf'qmtcy of dlBrnitrotii! conucqucnccs In com- 
j)0un<l frftctnro, coiitrn?to<l ■ttltli Iho complete Im- 
munltyfroin flnn^erto life or limb in nlmplo frac- 
ture, is one of tlio most Blrllcing ns well ns mclnn- 
clioly facts In surgical practice. 


Fiourr 8 

Facfiimilc of the title of an article, On a New 
Method of IVeating Compound Fracture, Abscess, 
etc., by Joseph Lister, lancet, 1:326, 1867 

treatment of .surgieal wounds, figure 9, with 
the remarkable result that postoperative 
sepsis disappeared 

It is interesting that Lister’s antiseptie — 
carbolic acid — was suggested to him by a 
pharmaeist who had seen it used to purify 
the sewage dumped on the pastures at 
Carlisle The pharmacist took the dis- 
appearance of the odor and the marked im- 
pi ovement in the health of the catdc pas- 
tured on the sewage disposal fields as an 
indication of the beneficial effect of carbolic 
acid Lister’s experiments demonstrated the 
antiseptic action and also the fact that the 
coagulum formed by blood and tissue when 
mLxed with cai'bolic acid was slowly organ- 
ized into a dense, smoodi scar 

Pasteur’s clear-cut evidence that fermen- 
tation was due to air-borne bacteria led 
Lister to adopt the carbolic acid spray to 
protect surgical wounds The same method 
has been levived by tliose who use aerosols 
Gradually, he extended the use of car- 


ON THE AJ^TISEPTIC PRINCIPLE IN THE 
PRACTICE OF SURGERY * 

By JOSEPH LISTER, Esq, FR.S, 
rwrtuo* Of srtctir ir rat oNmiiirr Of otxwow 

Ik the cour« of nn extended Investigation mto the nature 
of iiiflaramationi and the healthy and morbid conditioni of the 
blood In relation to it, I arrl\c<1, several year? ago, at the con 
elution that the ettcntial caufo of auppuratioii in wounds is 
decomposition, brought about by the Influence of the tlmo 
eplicro ujwn blood or aoruin rctainc<l vntbin them, and, In the 
caso of contused ^voundi, upon portions of tissue destroyed by 
tho Moleiicc of the injury 


Figure 9 

Facsimile of the title of an article. On the Anti- 
septic Principle in the Practice of Surgery, by 
Joseph Lister, Lancet, 2*95, 1867 

$ 

bolic acid as a lotion for irrigating surgi- 
cal wounds and the preparation of the 
materials used at operation but his funda- 
mental contribution still remains the anti- 
septic dressmg which isolates a wound and 
permits primary wound healing His technic 
was so good that blood which pooled m 
cavities was organized during healing by 
fibroblasts and firm cicatrization occurred. 
Although Lister described this repeatedly, 
he failed to appreciate the significance of 
the observation and perpetuated the custom 
of leaving drains in wounds so that blood 
and scrum might leak out He mvesti- 
gated various antiseptics and, indeed, used 
dry cotton sterilized by chlorine gas m 1870, 
but found that discharges from tlie wound 
saturated the cotton and that bacteria 
subsequentiy caused putrefaction of tliese 
discharges He also contributed the process 
of chromatizing catgut to delay its absorp- 
tion His original idea of tanning tlie gut 
with cliromic acid is still fundamental. 

Lister’s concept of preventing postopera- 
tive infections met wth mucli resistance 
and even ridicule but several Continental 
surgeons adopted the technic immediately 
and developed it furtlicr A big contributor, 


Lister, Joseph On the Andsepuc Principle in the 
Pracucc of Surgery, Lancet, 2 353, 1867 
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Emst von Bcrgmann, abandoned carbolic 
aad and its spray and substituted asepsis 
based on the use of bichloride of mercury 
Von Bcrgmann’s technic called for pre- 
operative stcnlizaUan of instruments, dry 
goods, and the hnnA^ by soaking them m 
bichloride of mercury At the close of an 
o p eration, the wound ^vas also imgatcd 
with an aqueous solution of bichloride. Von 
Bergmann’s outstanding contribution was 
the concept of hemostasis, which he claimed 
left a dry wound that offered no media to 
nourish putrefactive organisms. This con- 
cept contrasted sharply with lister’s technic 
of draining the wound and is a signifi 
cant factor m primary wound healing In 
1889, von Bcrgmann published a lengthy 
article,** figure 10, on the antiseptic treat 
malt of \vounds with bichloride of mercury, 
which influenced surgeons everywhere and 
because of confusion in idcnuty with Adolph 
von Bcrgmann, led to Ermf a being credited 
as the father of aseptic surgery 
Many of the developments m ascpoc 
technic were contnbuted by Gustav Neuber, 
who recogmred that intricately carved, 
bone handled mstrumcnti were difficult to 
dean and hence dangaous He introduced 
plam surfaced instruments which could be 
taken apart readily for thorough dcansmg ** 
He nd the operating room of excess fumi 
turc and provided glass ahdvcs and surfacci 
which could be cleansed readily, unui by 
1880, hu mstrumentB and operating rooms 
had a modem appearance In 1882, he 
mtroduced the use of the cap and gown as 
a ivay of cxdudmg the surgeon s dothing 

° Vow fatfaiiuor Emtt- Uetcr imti*epd*ciic Wand 
beliMdhmK, obuefc-,, 8i559 1482. 

*VoH Buuuiamm Die antltepdtcbe Woodbe 

tM nJhm g in der KAiigbdjcn CUrurgbebm, UahmUltf* 
KHnlk xa Bcriki, Jthi tbn. Gbr, 1:147 I&89 

GtorTAv- Ueber die Vcrlndcnm^oa decaf- 
’ U. Knocbearobrai in WdcbdicibwuDden muH fa 
n&e KCttbeQucgen fiber den »ntiiepti*diai Diuerver 
AftM./ Ui*. Obr, Willfi, 1880 
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Fiouax 10 

Fxjimjle of the title of an article, The Antueptjc 
Treatment of Woundi in the Royal SurricaJ Clinic 
of ibc Univerfity of Berlin by Ernit von Bcrgmann, 
JdAri Klau Oar liI47 188$ 

from the operating field ** His tcchmc was 
so successful that a year later he abandoned 
the imgatjon of wounds with antiseptic 
solution and substituted stcnle 0 6% sodium 
cblonde produced m a water sterilizer 
which he invented, figure 11 He attached 
great importance to the complete obhtcra- 
tion of afl dead spaces m wtiunds and advo- 
cated the abandonment of drams.** He 
wrote two small monographs **• ** on his con 
cept of asqjtic technic winch were influen- 
tial m spreading the doctnne of safe surgery 

Emst Kustcr^s P^F*®" the use of buned 
sutures perpetuated the fear of leaving pools 
of blood m dead spaces so much that the 
treatment of wounds became a mechanical 
problem mvolving co m pression fimn without, 
buned sutures, mvertmg sutures, flap im- 
plantations, firm coaptation of the resected 

*Nz37m, GufTAv IW WtaAdtaJhai n 

mmMm ihmuiuekn Prati kuptlMUrn. Kiel Uptlai & Tbchcr 
1886. 

” GtaTAV* Vocichll^ tar Baddgang det 

fOr aOe fr lirhrD Wunden, AStitJu c i. Cbr 
ih*. m Kid 1:27-70 1884 

** NtUu*, Guttav iTcrtr B4$cimha^ dtr Msrftudn 
n W i rA^WT ifly Kid imd I^pdg’ Ufafan & Tbdttr 1892, 
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Figure 11 

Illustration of a v/atcr sterilizer devised by Gustav 
Neuber in 1?83, published in his monograph, The 
As'ptvc Trealtnenl of Wounds in My Private Surgical 
JlospiUil, Ki^l, 1880 

ends of bones, canalization by loose stitch- 
ing and secondary closure.^' 

The giant m disseminating the knowledge 
of aseptic technic was Curt Schimmelbusch, 
one of Ernst von Bergmann’s assistants, who 
spent much time evaluating and elaborating 
the various details of the aseptic ritual. He 
first used the steam sterilizer for the steriliza- 
tion of surgical dressings in 1885, figure 12 
In 1891,*^ he demonstrated that hand 
brushes often conveyed sepsis from the 
careless surgeon who used them to scrub 
pus from his fingers to another surgeon v/ho 
used the brushes for the preoperativc scrub- 


" Kvttch, E die Anv endung -.ereenkter NShtc 

juib-sond'a-e plasilschcn Operauonen, /. t/m. 
c/ar., 31:126-134, 1?85, 

ScjjJKVELE'.'SCH, Cu?T D)': Durchfuhrun^ dcr As^ 
ti£ in icr Klinik d-s H'nm G^hnmralh /on B'ngmann, 
in EcrLn, Idtn Cfar , 42.123, 1891. 


bing of his hands. He advocated boiling 
nail brushes to break this link in the chain 
of sepsis He emphasized the fact that the 
addition of 1% sodium carbonate to boiling 
water prevented the corrosion of instru- 
ments and increased its bactericidal effi- 
ciency. His Aseptic Treaimeni of Wounds was 
the small monograph which spread through- 
out the world the aseptic ntual he had de- 
veloped in Von Bergmann’s clinic. 

The concept of operating in a dry blood- 
less field was first introduced in 1865 by 
Lister, who obtained a bloodless field by 
elevating the extremity to drain out excess 
blood and then occluding the vessels by the 
use of a tourniquet 

Friedrich von Esmarch in 1880^' extended 
this technic by wrapping the elevated ex- 
tremity from its distal toward its proximal 
end with a thin rubber bandage to express 
the blood before the tourniquet was applied. 
In 1882, Ernst von Bergmann advocated 
accurate hemostasis to keep the operative 
field dry.^^ Dry dressings were mtroduced 
by F. von Esmarch and his student, Hans 
Schlange ^ in 1 884 for small wounds and 
their use was gradually extended to larger 
ones Albert Sigmund Landercr and 

Adolph von Bergmann ^ in 1889 wrote 
papers describing a dry technic in which 
hemostasis, the use of dry sponges, and the 
abandonment of irrigation of the wound 


^ Lottr, J ' Effect of the Position of a Part on the 
Circulation through Jt, Bn( M f, i 923, 1879. 

^ EzieAPCil, F Ueber ganz blutlosc Operational, 
Arc/i / AAn C/tir, 25:69J, 1880 

SaiJj^GE, H : Ueber stenic Verbandsloffc, Ver- 
hmdl d druUch Gasdhchf. Chtr , 2:141, 1887. 

** L> NDEKER, A. UefxT irockcnc Operational, Err- 
handl d dtatich Gessdlsch J Chtr , 2 70, 1889. 

^ J.AUDZPJiR, A . Trockenc Operationen, Arch /. him 
Cfar, 33. 210, 1889. 

Lamjepxp, a. Antisqitischc und aseptische tVund- 
Ijehandlung, Correspendb dcr sacks, artrjtcfi Veretne und 
Bcrjrhsvcr , 1:53, 1892 

BEPC^^AJ>^, A Vclzcr die trockene Wundbeliand- 
Jung, St Peiersb Mtd Wcfinichr , C.455-457, 1889 


[ 18 ] 


\vcrt itrikmg features Thus, LaDderer and 
A- von Bergmann established a technic 
providing the dry operative field as we know 
it today 

A significant contnbubon to aseptic tech- 
nic came indirectly fixim William Stewart 
Halitcd, who introduced the use of rubber 
gloves m 1889 as a means of protecting bis 
scrub nurse’s hands from contact wth solu- 
tions of bichlonde of mercury, vduch had 
provoked dermatitis ** The gloves were used 
for five yean for this purpose m Halstcd’s 
dime brforc Joseph C Bloodgood recog- 
nized their advantage m excluding the 
operator’s bands from the field ** 

Of greater importance, Halsted correlated 
the vanous techrucs for the treatment of 
surgical wounds ** and demonstrated that 
asepsis and surgical technic must be blended 
to achieve perfect hcalmg of wounds. 
Schcdc’s article ** on the healing of wounds 
under a moist blood scab confirmed his own 
observations and uifluenced his thought 
He emphasized the things a s ur g e on does 
to asnire ^vound healing, includmg (1) 
hemostasis, preferably by transfixion of 
large vessels and by the use of hot saline 
Ijads to check oozing, ** (2) the use of fine 
nonabsorbable suture material, (3) the 
exclusion of drams, (4) the avoidance of 

® Hautd W S. The Enjpioymeot of Fine Piy in 
I*rtfiuajcB to Cct^ot and tbe Advaota^ of Traos&zing 
Tl*uc* and VcMcli in Controlling Haemorrhage, 

60]1119 1913 

"Eloodoooo, J C. Opcradooi oo 459 Ga*a of 
HenU In tbe John* Hopkim Ho^tai from June, 1899 to 
January 1999 The ipedal cocridcratioD of 269 caaea 
operated on by tbe Habted metbod and tbe tran(plaot>* 
tKo of tbe rertm in ef rt» Jn can of inyuiml hernia 

to which the coQjolocd tendon b obDteiated, JJau Htfibmr 
fUp^ 7:223-562, 189S-1899 

** Hautvd W S, Tbe Treatment of Woundi with 
Speebd Reference to tbe Value of RWiH Clot In tbe Man' 
•gcmentcifDcKlSpaaa,J»*wif#^ito^ S»255- 
314 1991 

* SffiDFi, M, UebcT die HeOong voo Wuoden onter 
dm fcochten Bluticbod' OntcA aw^ irdoudr^ 12i39>- 
391 1M6. 


br ai klaatUlMk 

ObOwdCnraic i*r Iwfili It iw r«i I r<at •'mW ElA 



Awm w Dw i(A tgIfcfciiai dm VtrtattteA w T i— wMliTf 


Fiodrz 12 

An Iflaitraticm of the neara atarllkcr xacd by Curt 
Schlmmdbtacb for the Herillration of drenlngi in 
1085 from an article, A^tk Practice in von 
Bergmann a CHinif., Arch. J Kun. Om , 42il23 1091 

tension that Btrangulatcs tissue, (5) the 
elimination of devitalized nubbins of tissue 
distal to ligatures, (6) dependence upon 
tissue fluids to fill dead space m wounds 
that arc picrmittcd to fall together naturally, 
(7) the use of gutta pcrcha tissue on surface 
wounds (8) the application of silver foil on 
wounds to inhibit growth of organisms m 
the iJdn. All these points characterized 
Halitcd’s work and W to the establish- 
ment of a tcchmc that deserves widespread 
adoption 

“HAifTED W S. N Ota cm New Books — Anldttmg 
nr uepdxhcn Wundbebuidhmg, Jttmx n»pbfa 
£^^3:63, 1892. 
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Aetiologie 
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Dr. Robert Kocli, 

U WttUrU. 


Leipzig, 

Ver]*^ von F C W Vog-eJ 
1878 


Figure 13 

Facsimile of the title page of Traumaltc Infectious 
Diseases, Robert Koch, Leipzig, 1878 

Following the bactenologic lead blazed 
by his colleague, Carl Flugge,®^ Johann von 
Mikulicz-Radecki m 1896 first used the 
mask to control bactena expired from the 
nose and mouth 

It must not be surmised that chnicians 
alone developed aseptic technic because 
bacteriologists also contributed to progress 
foUowmg the ongmal stimulus by Pasteur 
In addition to linking bacterial action 
to fermentation and putrefaction, Pasteur 
furnished bactenologic proof that heat 
destroyed the organisms He described the 
use of boiling water and dry heat at 120- 

^ Flucge, C Ueber LuftinfecUon, ^Ue/ir J Hyg u 
Injekltonskr , 25 179, 1697 

® Mikulicz, J Das Openren in Stenlisirten Zwrn 
Handschuhcn und mit Mundbmde, Centrolbl J Chir , 
24.713, 1897 


130°C as effective Lucas-Championniere 
designed a steam sterilizer for Pasteur and 
subsequently used it m his surgical practice 
m 1876 

In 1878, Robert Koch published a small 
monograph entitled Investigations into the 
Etiology of the Traumatic Infective Diseases 
in which he demonstrated that the organ- 
isms descnbed by Pasteur actually could be 
found m infectious lesions and established 
cntena whereby the causal organism could 
be identified In 1881, Koch published a 
large monograph on antiseptics which in- 
fluenced surgery greatly m that his descnp- 
tion of bichlonde of mercury as a germicide 
led to Its widespread populanty.^^ 

In 1881, Robert Koch and Gustav 
Wolffhugel popularized the hot air sten- 
hzer and evaluated the bactencidal power 
of dry heat Koch, George Gaffky, and 
Fnedench Loeffler descnbed the flowmg 
steam sterilizer and established its bacteri- 
cidal value Hugo Davidsohn, also in Koch’s 
laboratory, justified the use of boilmg water 
in 1888 as being a practical means of mmi- 
mizmg postoperative sepsis mstead of wait- 
ing for the more ideal steam sterilizers to 
become available In domg this, he mfiu- 
enced aseptic technic profoundly for instru- 
ments are still sanitized by boiling water in 
most hospitals despite the fact that they are 

^ LucAS-CHAitPiONNiERE, J CkiTUTgie ontiseptique Pnn- 
cipes, modes (Tapplicalion el resultats du pansement de lister 
Pans J B Bailherc et fils, 1876 

Koch, R Ueber die Aetiologie der Wundinjections- 
krankheiten Leipzig Vogel, 1878 

■*' Koch, R Ueber Desinfection, Mill a d Kaisetl 
Gesund , 1 234, 1881 

^Koch, R and Wolffhugel, G Untersuchungcn 
uber die Desmfeebon nut beisser Luft, Mill a d Kaiserl 
Gesund, 1 301, 1881 

" Koch, R., Gaffky, G , and Loeffler, F Vcrsuche 
uber die Venvcrthbarkeit heisscr Wasserdampfe zu 
Desinfcctionsz\vcckcn, Adtll. a d Kaiserl Gesund, 1 322, 
1881 


■“ Davidsohn, H Wie soil dcr Arzt seme instrumente 
desmfioren? Rrr/ Kliru Wchnschr , 25.697, 1888 
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fircquently contaminated with dangerous 
organisms which ment a more reliable tech- 
nic, The original steam sterilizer was shown 
by Max Globig to be mcffectual against 
spores ** and m 1889, a French orthopedic 
surgeon, Paul Redard, demonstrated that 
the temperature of steam in a sterilizer 
could be raised by mcreasmg its pressure 
and that this mereased temperature was 
effective m destroying spores.^* 

Technical advance was rapid Most of 
the contents of Chapters III-XIII were 
evaluated and appli^ m vanous surgical 
clinics pnor to 1900 Surgeons busied 
themselves m extending the frontiers of 
surgery m fields made safe by asepsis. Sur- 
gical technic \vas the fascinating pursmt and 
as subordmates assumed the responsibihty 
for aseptic technic, many of the earlier lessons 

* Gloszo M Ueber dnen KutaffdbacQlut mit 

TOgcwChnlkh widgrrinrUfllhlgeo Sparen, j Byf 

K. /VtiOwirn 3 iS 22, ISSe, 

* Risajld P rVdnftcttoo da larcnaoena (ddxnr 
f^atcK et da ob}ea d« peumeot, R/t, dd Oar 81 S 6 O 
188 S. 

RtzBREJt, M,. Zur Tbenr ie der 
Ab<|i721 1898. 


were other forgotten or apphed m a garbled 
form. The development of the steam sten 
hzer IS illustrative The detrimental effect of 
air in the sterilizer,^ the hazard of super- 
heating,** the protection afforded bacteria 
by oil and grea.se,** the advantage of 
gravity air clearance, the influence of 
sterilizer design on efficiency, the necessity 
of measuring the bactericidal power of 
steam by taking its temperature ** were 
recognized m scattered dimes Some sur- 
geons boasted ideal equipment but visitors 
to their amphitheatres came to sec opera- 
tive procedures and returned home to 
improvise cqmpmcnt and tcchmc to enable 
them to do the surgery they had witnessed 
The important details of the steam sterilizer 
were forgotten, to be rediscov er ed during the 
past twenty years 

• Vew FiMAicn E. Die dainfidreodc Wirfamg da 
l u e mcTid i n i flbcrbititcQ Dampfca, ^4*tr / Hff l Ij^A 

4tir7 1888. 

*Tci3caaji,H. D c iul g e tar Doiafttaian mil Wtiser 
dimpC u. I^AHmxkr 9j492-527 1890 

* FaoKB, P and Claasoack, A. Ueber dis Ver 
hftlteB da WtaKnluBp^d bs T Vrir.fi»>tVyrMt»py af«w», 

J Hit M. 9il83 1890 
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CHAPTER in 


CHEMIGAL DESTRUCTION OF BACTERIA 


I have divers times put a httle vinegar into a little pepper-water and have always seen that as soon as the pepper- 
water was mixed with the vinegar the animalcules that were in the pepper-water died instantly 

— Anthony von Leeuwenhoek, 1 692 ^ 


Chemical disinfection is a highly contro- 
versial field because technics for evaluating 
tlie efficiency of germicides var}\ Much of 
the literature has httle significance due to 
tlie failure of investigators to realize that 
many disinfectants are bacteriostatic m high 
dilutions and hence inhibit the growth of 
cultures instead of actually kilting them 
Alany investigations are valueless because 
tlie concentration of germicide used is not 
stated or other extenuating circumstances 
such as conditions at the germiade-organism 
interface or the resistance of the cultures 
used for the test are not recorded Most 
laborator)^ tests are not susceptible of clinical 
interpretation because the conditions of the 
experiment are not similar to those found m 
clinical problems 

Of late, several technics for testing organ- 
isms have influenced the thought on germi- 
cides because tliey are performed under the 
conditions of actual use - ^ Another in- 

fluence ivhich is danf}ing thought on germi- 
cides is the attitude of the United States 
Department of Agriculture ivhich insists 
that the ivord “sterile” should not be used 

’ Dobeuu O-ffTORD A'-Jh:r’y vd- Ltrecr-J-ork crJ Hit 
Hiili A'^ir-As Xcw York. Harcourt, Brace and Companj, 
1952, p 151 

-PwcE, P B- Eth\l .^cohol as a Gcnmadc, Arck. 
SsTS, 3S-52S-5-12, 1959 


as the end result of chemical action This 
attitude results from the repeated demon- 
stration that germicides are more often bac- 
teriostatic than germicidal, hence the term 
“chemical disinfection” is more suitable 
than the absolute term “stenhzation ” 
Chemical disinfection is resorted to in the 
operating room only 5vhen other methods 
are destructive and chemicals must be used 
to presence the instruments to be sterilized 
or because there is no expedient way of 
usmg more reliable methods of stenlizanoh 
Wffien used 5vith the full realization that 
germicides are highly selective, erratic, and 
unreliable unless apphed carefully, they 
contribute greatly to aseptic technic Be- 
cause germicides are contact medicinals 
and their aenrity begins at the medicmal- 
organism mterface, the adsorption of germi- 
cides at surfaces is a fundamental property. 
The adsorption concentration equilibria 
rather than the concentration of the germi- 
cide influence their eflectiveness This con- 
cept IS important because anyone 5vho uses 

* Bre\sxr, J H Antibactcnal Effects of Oi^atuc Me- 

dina] ComjxJimds, ^^^th Speoa] Reference to Their Use 
as Gcnmadcs for Stcnlizanon of Surgical and Dental 
Insmimcnts, , 112 2009-2018, ^Ia^ 20, 1939. 

* SPAt-uaiNC, E H Studies on Chemical Stcnhaauon 
of Surgical Instruments, Bacteriological E\'aluation, Sjrg , 
G)-^ & Ob., 69 73S-7AA, 1959 
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eERUIGiDAl. POWER OF ALCOHOL 


a g e nm ade has direct control of the adsorp- 
tion concentration because the cleanliness 
of the surface to be disinfected is of major 
importance m determining what the effec- 
tive concentration of the genmade will be. 
Absolute cleanliness of the surface to be dis- 
infected is essential for reliable gcnniadal 
action. Blood, pus, oil, grease, soap, mois- 
ture, all decrease or nullify the effect of 
genmadea. It has often been demonstrated 
that the very genmade which was intended 
to destroy organisms may protect them so 
that they survive. The classic demonstra 
tion IS that by Robert Koch, who showed 
that bichlondc of mercury protected tu 
bcrcle bacilli m sputum by prcapitating an 
albuminous shell at the surface of the 
sputum \diich protected the bacilli mthe 
moist center for months. The effectiveness 
of gcrmiades is mcrcased by raising the 
temperature at which they act and by rub- 
bing the surfaces which are to be disinfected 
It II evident from recent work that thar 
effectiveness may be mereased by changing 
the adsorption concentration by the addi- 
tion of detergents and wetting agents In 
tins discussion of genmades, they are con- 
sidered from the pomt of view of general 
applicability m aseptic tcchmc. Thar gen- 
eral advantages and disadvantages are dis- 
cussed. Thar appUcaoon is discussed in 
Bpcafic sections dealing with techme- 

alcohols 

Alcohol 

Ethyl alcohol is the most popular ddn 
damfectant It is rclaOvely inexpensive, is 
easily apphed, and has detergent and wet- 
ting properties. When used properly, it u 



an effective genmade for vegetative organ- 
isms but has httlc action against spores *• • 
Two factors determine its germicidal power 
— a lethal concentration of alcohol must be 
used and suSaent fhction to enhance its 
acdoo must be apphed It has long been 
recognized that the bactericidal concen- 
tration of ethyl alcohol is cntical and unlcfl 
the solution is maintained carefully at the 
proper level, it is valueless as a germicide. 
As can be seen m figure 14,^ a 70% solution 
by waght is thirty times as powerful a ger- 
micide as 60% and forty times as penverful as 
an 80% solution SoluUons of less than 50% 
or more than 80% concentration have no 
practical value as gemuades. 

The mamtenance of a germicidal con 
ccntration of alcohol requires constant 
aupcmsion because such solutions arc un- 
stable and because the definition of 70% 
alcohol vanes greatly The concentration of 
alcohol is variously expressed as “volume 


* Nyi, II N and T B, FaHtCf of Uflof 

Alcohol (v StofUndoD cf Surreal lotrumoits, Bvtta 
erS.y^i»9,S61-563 Oaoberis 1923 

M Ueber den KekDgcb&h da Alkohob, 
i/finha Mtd. IKoUwkr., 79i793 May IJ, 1932. 


* Btyxb, a. to 'fnidxr Konientradoo tDtet wt^erijer 
*H e ia, oder in wjUait nnj lolt ■nr|i^ 'i-i'| detls- 
fidercodcD miftefn EntrOndungi- mvl HtemngwTtjcr 
am rJincDtten, / Bjf k 70i22S--272, 

1911-12. 
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ALCOHOLOMETER 



Figure 15 


per cent,” “weight per cent,” or “weight 
volume per cent,” each of which identifies 
solutions of dilTcrent concentration, even 
though the numerical percentage is identi- 
cal, The specific gravity of alcohol varies 
greatly with changes in temperature and 
there is a marked contraction m volume 
when alcohol and water react together so 
that the only reliable solutions of alcohol 
arc those made up under a formula which 
indicates the weight of pure alcohol in the 
total weight of the solution. This is known 
as a “weight per cent” solution Such solu- 
tions can be made up initially on a balance 
without difficulty but since the solutions 
are so unstable, it is economical to use a 
technic whereby the concentration can be 
restored periodically A formula for the 
preparation of 70 % alcohol by weight is.® 

Ethyl alcohol (95 % at 25°G,) 815 cc 

Aqua dcstillata (cold) q s ad 1000 cc 

For ready identification and to make it 
nonpotablc, .sufficient cosin to give desired 
color and 0.1% oil of cajuput may be added. 
Five per cent acetone serves to denature the 
germicide This solution unfortunately is 
not stable because as evaporation occurs, 
the loss of water and alcohol is not pro- 
portionate Thus, 70% alcohol evaporated 
to one-half its weight gradually shifts to 
62% This slight dilution causes a large loss 
in germicidal efficiency. Similarly, alcohol 
loses its germicidal efficiency when used 
repeatedly by careless individuals who 

' PniCF, P B New .Studies m Surgical Bactcnology 
and Surgical Technic with Special Reference to Disin- 
fection of .Shn, JAMA, 111 1993-96, November 26, 
1938 


immerse dripping wet arms and thereby 
dilute the solution 

The solutions of alcohol which have 
altered their concentration need not be dis- 
carded They can be elarified by filtration 
through ordinary filter paper and restored 
to their original strength by the addition of 
appropriate quantities of commercial alco- 
hol or distilled water. The specific gravity 
and temperature of a filtered solution of 
unknown alcoholic content is determined 
on an alcoholometer, figure 15 This point 
is found on the nomograph, figure 16, and 
alcohol or distilled water is added slowly in 
sufficient quantity to bring the specific 
gravity of the solution to that indicated on 
the nomograph for 70% alcohol by weight 
For example, if the solution of alcohol in 
question has a specific gravity of 0 858 and 
a temperature of 20°C, this point is located 

NOMOGRAPH FOR SOLUTIONS OF ALCOHOL 



PMi/> n Price 


Figure 16 
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on the nomograph at A Water is then added 
slowly mth stimng until the specific gravity 
and temperature readings correspond to 
the line mdicated by 70% alcohol by weight 
Because heat is hberated as alcohol is diluted 
the temperature will nsc as the specific 
gravity falls and the pomt reached ivill be 
m the neighborhood of B On the other 
hand, if the unknown alcohol has a tpccific 
gravity of 0 874 and a temperature of 20®C, 
this p<^mt IS located at C on the nomograph. 
Alcciiol IS then added until the specific 
gravity and temperature readings fall on 
the 70% by weight Une, as is mdicated by I) 

The gcrmiadal efficiency of ethyl alcohol 
against bacterial flora of the skm is marked 
One mmute’s exposure of the skm to 70% 
alcohol 23 equivalent to six and one-half 
mmutes* mechanical scrubbmg of the skin 
Rubbing the hands and arras with a piece 
of gauze for three imnutcs while immersed 
m alcohol reduces the bacterial flora to 
about 3% of Its ongmal size. Twenty min- 
utes’ nibbing will yield skm which is rda 
lively ftenle,* 

Bropyl Alcokoi Solution 

A more stable mixture of alcohols with 
powerful germiadal properties for skm dis- 
infection has the following formula 

Ethyl ilcohol (95%) 675 cc. 

N-propyl akobol (C,P ) 250 cc. 

datiHat* 250 cc. 

Each mmutc the skm is i mm er sed in this 

solution affords disinfection equivalent to 
approximately eleven mmutes of scrubbmg • 

Isopropyl Alcohol 

Isopropyl alcohol can be used for dism- 
fection instead of ethyl alcohol It is inexpen 
Mve, tax-free, nonpotablc, and pleasant to 
use. The dilution for maxunum gcrmiadal 
power IS not critical, 30% to 50% solutions 

P B Ethyl Alcohol ai ■ Gcrmklde, Arek, 
M152S-542, 1939 


bemg adequate. Like the other alcohols, it 
dcstro)’s vegetative organisms but has no 
effect on spores 

CHLORINE COMPOUNDS 

Smcc 1829, when Antomc Labarraque 
mtroduced chlorinated lime as a disinfect- 
ant m the French catgut industry, chlonne 
has influenced the course of obstetrics, sur- 
gery, and sanitary engmeenng profoundly 
It IS the most widely used of all chemical 
disinfectants and one of the most reliable. 
Disadvantages which imUtalc against more 
widespread use arc that it has a persistent 
odor which is objectionable to some, its 
bleaching action u marked, it corrodes 
metal instruments and accelerates the de- 
terioration of rubber The gcrmiadal acOoa 
of chlonne is due to the formation of hypo- 
chlorous acid which acts upon the protem 
molecule so that the chlonne replaces the 
hydrogen in amino groups forramg a chlora- 
mine which is toxic to bactena Thus, after 
bacteria have been exposed to chlonne, any 
remaining chlonne may be neutralized 
without mflucDcmg the loganthmic rate at 
which sumving bactena continue to suc- 
cumb to the action of the chloramme, 
Chlonne is most active m approxunately 
neutral soluuon and its activity is mereased 
markedly by mcrcasmg the temperature of 
the solution ** 

The most familiar form m which chlonne 
18 encountered m surgery is as the diluted 

• CocLTHAXo G. E. and Svxxa, G The Oermickla] 
Effect of Alcohol vdth Spedil Reference to lo Action 
OQ R a ctrr U] Spore*, fiUma-utfif/ 137:79-81 July 
1936. 

“TorofiY F O., Gun, P E. mad DAwoicni, T F 
Mlnlmml Chlodae Death Polnti” of Bacteria (Vqtetatiw 
Feral) U S. AW. M 27:238-242, Jmnoary 1929 

“Tohxtv F O., Oumm. F E. and G F 

Mlolntal “Chlorine Death Pointi" of Bacteria Vegetath-e 
Form*; Spore-bearing Organ!*™, Am. J Puk HtM 
10:503-508, May 1930 

” McCdllock, E. G Dasf/kaM ami SUnbtaSm*. 
Ptdl»dclpiiia, Lea * FeUger 1936, p. 387 
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solution of sodium h}-pochJorite (Dakin’s 
Solution — liquor sodae chlorinatae chirur- 
gicalis U.S.P.)- This solution is neutral, 
contains 0 43% to 0.^8% sodium hypo- 
chlorite, and is tolerated by tissues It is 
particularly effective because it dissolves ne- 
crotic tissue Because it macerates and irri- 
tates the skin, it can be used continuously 
only ^vhen the skin is adequately protected 
by vaseline gauze dressings It is nontoxic 
^vhen applied topically. It must not be in- 
jected into the peritoneal ca^dty- It should 
be stored in a cool place in a brown glass 
bottle because sunlight causes its decompo- 
sition 

The U.S.P. XII solution of sodium h}j>o- 
chlorite (liquor sodii hypochloritis) is ^\■idely 
used as a poiverful disinfectant for textiles, 
dishes, dairy equipment, etc. It is available 
imder various trade names, “Qorox” being 
a ■well-kno^^■n example. The active ingredi- 
ent is sodium h^'pochlorite; the U.S.P. 
solution contains between 4% and 6% For 
the disinfection of floors, toilets, bedpans, 
mops, and the like, a solution as dilute as 
l:i000 is effective. ^Nflien diluted to 
1:20,000, it is as active as 1% phenol 
Sodiiim h)-pochlorite can be used -v'-ith soap 
and has marked deodorizing power. For 
the disinfection of drinking water, or for 
the production of sterile "water for operating 
room use, one-balf to one part per mil l i on 
parts of "Water is reliable. Sodium h}'po- 
chlorite is also used as an aerosol to disinfect 
the air of unoccupied premises as discussed 
in Chapter XX. A convenient form for the 
disinfection of hands, the skin about com- 
po"und v.ounds. and contaminated spots on 
"the floor and furniture is lime paste made 
according to the folio^^'i^g formula: 

Chlorinated lime (50% Q;) . - - - 200 gm. 

Sodium bicarbona'c - - 200 gxtu 

Sodium carbormie (CLP. Anhj'd.) - SO gm. 

The mixture can be dispensed as a dr\ 


powder. For use, it is mixed in the hands 
"vwth a sufficient quantity of tap water to 
make a thin cream. It should be applied 
immediately and agitated by gentle rubbing. 
Four minutes of rubbing the skin "vwth this 
paste is equivalent to twenty minutes of 
scrubbing the hands wth soap and water.® 

IODINE 

Ever since the germicidal action of iodine 
^vas first recognized by Casimir Davaine in 
1673, it has been applied to skin disinfec- 
tion. It was one of the first germiades to be 
used by those ^vho disregarded atmospheric 
contamination and realized that purifica- 
tion of skin and instruments was more 
important One of the most striking charac- 
teristics of iodine as a germicide is its uni- 
formity of action on different species of 
micro-organisms Tmcture of lodmc is most 
popular among surgeons despite the fact 
that it is an irritant and causes vesiculation. 
Aqueous solutions are more effective germi- 
cides, do not irritate the tissues, and are 
painless.^^ If applied frequently, solutions 
of iodine may cause dermatitis in some in- 
di\nduals Two preparations are readily 
available. The U S P. strong solution of 
iodine (liquor iodi fortis, Lugol’s Solution) 
can be diluted for the ready preparation of 
a germicide: 

Ixrigaticm of tissue 0 I % aqueous solution of iodine 

(1.50 dilution) 

Glo\'c basins . . 0 5% aqueous solution of iodine 

(I'lO dilution) 

Sldn . 1.0% aqueous solution of iodine 

(1 5 dilution) 

The U.S P- XII solution of iodine (liquor 
iodi) consists of: 

F. F.' Surgical Solunoa of Iodine, Hipri 
lo U^JP. C o—j - j -'ic' c- Ijettcr 33 

R- N Rclau'i-c in Virro AcUidtr of Certain 
Ardseptici ia.A.qucous Solutions, 108.260-2S7, 

Januar) 25, 1957. 

3 



IcxUoc 20 gm. 

Sodium Iodide 24 gm. 

thfuDcd water, a wfflaent quantity to 
TTT»lm 1000 CC. 

The »ccrct of success m the use of iodine 
IS the rcahzation that dry iodine has no 
bactericidal actioiL The aqueous solution 
should be apphed and rubb^ into the skin 
for approximately one mmutc and then 
allowed to dry ^ evaporation The dry 
iodine ran be removed with alcohol or 
sodium hyposulfitc. If the skin is greasy, 
it should be scrubbed with soap and water 
and the iodine can be apphed directly to the 
lathered area, where it will spread evenly 

Care must be taken not to store lodme 
solutions near instruments, because subh- 
mated, gaseous iodine is highly corrosive, 

FORUALDEHYDE 

Formaldehyde gas was heralded as an 
effiaent disinfectant and deodorizer almost 
as soon aj it was comme m aJly available m 
1820 Unfortunately, it is used widely as a 
fumigant even though it is well known diat 
in practice it has little effect other than the 
psycholc^c one produced by its odor In 
sui^cry, It finds appheation as a gas for the 
dmnfection of mstruments which are de- 
stroyed by heat and wluch arc not con 
vcnicntly immersed m soludons. Dry form 
aldehyde gas has no germicidal properties, 
penetrates poorly, and requires prolonged 
exposure.'^'’ Special equipment permits 
Its me for the disinfection of mstrumcnti, 
figure 19 

Formaldehyde gas has marked deodor- 
izing power and the addition of a parafonn 
tablet to the steam sterilizer m which a foul 
mattress is to be sterilized is an easy way of 

** Luull, a. Doiofcctloa of Sorcksl Iivtrmnettti 
with Fonnaldebyde and FormaJln, hdtnei Ahrtr Sarf^ 
€3il75 Aufot, 1936 

^Waliou, L. £. SterlU^tloo of Surgical Iitftro- 
rj, 76t57 January 1933 


deodorizing it Care must be taken to vent 
the steam directly to atmosphere before 
openmg the sterilizer 

Solutions of formaldehyde find wide use 
m surgery for the disinfection of metal m- 
stnimcnts because under proper conditions, 
formaldehyde kills spores without corrodmg 
the mstruments. It has several disadvan 
tages. It desiccates and imtatcs the skin and 
causes contact dermatitis m susceptible in- 
dividuals Residual solutions on instruments 
imtatc the eyes, mucous membranes, and 
tissues, so that instruments which have been 
disinfected by submerging them m formal- 
dehyde solutions must be rinsed with stenJe 
water or the solution must be allowed to 
evaporate completely before using them. 
HoUow needles should not be sterilized with 
formaldehyde solutions because it is too 
difficult to get the irritating germicide out 
of the nannnlft Formaldehyde has one of 
the greatest temperature coefficients of any 
disinfectant and it should be used at room 
temperature or warmer whenever possible. 
Org^c material inhibits its g enm adal 
action somewhat but not as markedly as 
With other germicides 

For the disinfection of surgical instru- 
ments, the foUowmg solutions may be used 


A. Sodium tetrmbortte 50 gm. 

SohiUcmofFonnaldebyde U.S P 100 cc. 

Dmilied water qx ad 1000 cc. 

B. Solotioa of Formaldehyde U.S P 130 gm. 

Potaadum mtrite 0 15 gm. 

Sodium hydroxide OOlZgm. 

Ethyl alcohol (GP) (95%) qx 

ad. 1000 cc. 


The minimum routine exposure for the de- 
struction of spores on instruments is eighteen 
hours Thirty minutes arc required to de- 
stroy vegetative forms For sterilization of 
the occasional instrument, which can be 
dependably cleansed before immersion, one 
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hour j<3 safc.15 Erythrosinc Certified Color 
F.D.C No. 3 can be added to formulas 
in quantity sufficient to give a character- 
istic color The addition of 0.5% G-11 
(dihydroxy-hcxachloro-diphenyl methane) 
to either .solution will enhance its action .so 
that disinfection of .spores occurs in three 
hours 

Solutions of formaldehyde arc commer- 
cially available for the disinfection of instru- 
ments, typified by Bard-Parkcr Improved 
Formaldehyde Germicide, which destroys 
.spores in three hours/^ vegetative organ- 
isms in twenty minutes. 

The inner surfaces of “sterilizers” for 
chemical disinfection arc disinfected by the 
vapors given off from the three types of 
formaldehyde solutions mentioned above. 
It .should be noted that this disinfection, 
however, is limited strictly to the areas m 
contact with the formaldehyde atmosphere 
becaasc cultures taken from the rim of a 
container where the Iid prevented free 
contact with the formaldehyde showed the 
presence of viable .spores even after twenty- 
four hours’ exposure 

For proper drsinfcction, rubber goods, 
Kelly pads, rubber sheets, etc,, are given a 
two-hour exposure to a solution made with 
the following formula; 

Solution of Formaldehyde U S.P 135 cc 

.Sodium hydroxide , . 10 gm 

Aqua de.?tjllata q s ad 1000 cc 

QUATllItNAR.y AMMONIUM SALTS 

A new group of germicidal compound.s, 
the quaternary ammonium salts, have prop- 
erties which make them of interest in sur- 

” .Si*AUU3iJ o, L H Report of Investigation of Germi- 
cidal Properties of Bard-Parker Formaldehyde Germicide, 
1937 

Papxfp, M Personal communication, May, 1943 

^ .Si'AUimso, E H ' Personal communication. May, 
1946 

«I>CFi'P, E L and .Smith, R .Stcrilinng .Surgical 
Instruments and Utensits, Mod IIosp , 48 92, 1937 


gcry. These salts are cationic detergents 
with marked germicidal power and low 
toxicity, both systemically and for tissues 
locally. They are kind to the skin and are 
pleasant to use. Their action is due to the 
inactivation of the respiratory enzymes 
concerned with bacterial metabolism “ Sev- 
eral disadvantages are outweighed by their 
unique properties. Soap robs the com- 
pounds of a portion of their germicidal 
activity and, what is more serioas, combines 
with them to form an irritating substance 
which causes dermatitis in some individuals. 
“Stcrone” (cctyl-trimcthyl ammonium bro- 
mide) is a noteworthy exception in that it 
Is compatible with soapy solutions Their 
germicidal power decreases with the pres- 
ence of organic material 

Various brands of quaternary ammonium 
salts are commercially available Applied 
to .skin, they form a tough invisible film 
which retains bacteria under it. Water, 
.saline, soap, or alcohol destroy tlie film 
and release bacteria,^^ “Zephiran” (N N R ) 
and “Roccal” are brand names for prepa- 
rations of bcnzyl-trialkonium chloride The 
former is a purified form which is suit- 
able for topical application The latter is 
an industrial brand used for the dLsinfcc- 
tion of furniture, tableware, or instruments 
Both are available in the form of 12,8% 
concentrates or more dilute aqueous solu- 
tions and tinctures “Phcmcrol” is the brand 
name for para- terti ary-octyl-phcnoxy-cthoxy- 

” SrvAG, M G and Rcra, O A .Studies on Uic 
Mechanism of tlie Inhibitory Action of Zcphiran on 
Yeast Cells, J Bad , 48 677-<;82, 1944 

MiLUtR, IJ, F , Abrams, R , Hubfr, D A and 
Kij'ih, M , Formation of Invisible Nonperceptible Films 
on Hands by Cationic .Soaps (especially Zcphiran and 
Phcmerol, quaternary ammonium compounds), Froc. 
Soc BxpfT Biol. & Med, 54:174-176, Novernlier, 1943 
Bi'ov/i;, W E , Gvunrpsou, M F , .Sciiwartt, P 
and WiijJFiq V M Clinical and Bacteriological .Study 
of Phcmerol (quaternary ammonium compound) as 
.Skm AntisepUc, Surp^ , Cynec , & Obit, 78 173-180, 
1944 
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cthyl-dimcthyl-bcnzyl ammonium chlonde 
manoh>*dratc,“ “Cccpryn,” that for cctyl 
pryndmium chlondc. Zcphiran will be dis- 
cussed as typical of the group because it 
has been m use longer The others can be 
apphed m similar concentrations The 
dilutions listed bclo^v arc effective for clmi- 
cal use 


Disa^echan lAt skm •* 

Zephiran 12 8% concentrate 8 cc, 

Aqoa dcftilUta qx atL 1000 cc. 

GUet hasvu " 

ZepWran 12.8% coocentrate See. 

dcMillata q j. ad. 5000 cc. 

SoMihcatwi ^ uhlcDot funotin rtt 

Roccal 12.8% or Zcphiran 12 8% 8 cc 

Aqoa dodllata q j. ad. 2500 cc 

Disn^attm ^ autnonrds — exjjorure, 30 mlnutcj for 
vegetative bacteria 18 for tpores 
Zqahipan 12 8% 8 cc 

So^um nitrite 10 gm 

Aqua detdllata qx ad. 1000 cc 


Sdudom of Zcphiran can be colored by 
adding sufhaent Orange No 1 and Ama- 
ranth No 107 to yield a solution of desured 

’•WAtTra, C. W U* of Mixture of Coconut OQ 
Dedvadvo M a Bactcxlcide in cb« Operating Roocu, 
& Okst^ 671683-681 1918, 


shade. Kits of dye arc commercially availa- 
ble for the purpose. 

A large group of popular genmades 
may be mcluded under the title, “Gcnm- 
adcs Unsuitable for Surgery Where Spores 
Should Be Killed *’ * Bichloride of mercury 
is highly bacteriostatic but has httle bac- 
tcnadal pmver ** It corrodes metal instru- 
ments badly and loses much of its power m 
the pre sen ce of organic matter 

Unless used carefully, none of the foUmv- 
mg group of g erm icides can be depended 
upon to disinfect instruments, none kill 
v^taovc bacteria, certainly, m less than 
thirty minutes’ exposure ’ merthiolatc, met- 
aphen, mcrphcnyl nitrate, mercarbolidc, 
mercresin, mcrtoxol, mcrcurochromc, mer- 
oiyl, mercury oxycyanidc, mercuric cya 
nldc, potassium mercuric iodide, mercury 
chloride, cystanc (mcrphcnyl borate) 

The time honored phenol group of germi- 
adcs IS also unrehaUe m t^t it does not 
destroy spores even after prolonged expo- 
sure. Those containing cresol are more 
active germicides than phenol 

*PomL,J K. Wufa Buia CoBtualiUtioo in Opcni 
la^ Rocna, Afck. StPi 44ilQ3-lCr7 1942 

** Price, P B. McrairUli u .*aJn DixiofocUnti, BvtL 
Am. CtU Svg Id pi cm , 1947 
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CHAPTER TV 


CHEMiaAL DISINFECTION OF INSTRUMENTS 


Soizc pTiparahcns cliracnlh rarzkzng as anfiseplics {noe ikczr repuiaiim io oiher powers than that of destroying 
septic material. 


— Arthur Tract Cabot^ 1879^ 


Chemical disinfection of instruments 
should be limited to those ^vhich can be 
prepared in no other because it is time- 
consuming and unreliable unless carefully 
supenised and conscientiously performed 
The magnitude of the problems encountered 
is indicated by the fact that a scalpel 
blade tvhich has been contaminated -with 
pus or exudate carries on it an average of 
lOOjOOO bacteria and 2 spores. An occa- 
rional knife blade 'VNill be found "vrith as 
many as 15,000^000 bacteria and 15 spores * 
Ten ner cent of the knife blades Avhich are 
used during routine operations become con- 
taminated "with sporeforming bacteria." In- 
struments used insi de the ‘‘'dean'^ peritoneal 
cavit}^ are likely to be contaminated: SO'T 
of cultures taken from the peritoneal cavity 
as it Tivas Srst opened sho>ved gro^^'^h, 14'^o 
gre^v anaerobic organisms.’' Qostridium 

^ Ca 2 )OT, a. T.: Erom njmts upcn tiis Strength of 
Anhsmocs, Af. S'” S T-r 101:/ 55, 1S79. 

- SfAnriiMC, H. "H.: SmihcE on Ghnrdcnl SteiihnztiDn 
of Snrottl lostnimontE- Bactcridlopcal Erakahon, 

Gvnr-. a fhn'-, 6S;73S, 1 959, 

'3^nr'^t£T_ J. H-: Annbactsriz] Enecrs of Orgznic 
3>feronritl CoreoDonds, ^cith SotmEI Reference to Their 
E'se Gerreiancs for SterfhcEDon of Sirgicn] and Dcntn] 
Initrtments, lltiCOD^tnj S, hfavCO, 1959. 

■* RostP-TS, 5 L, JoHK^oje, tv tv. and BitncENxr., H. S 

-Aseont rerftnnehl Chvitv — -A hGsnotner, Sz.-£., Gyicz. & 
Crd, 57:"5a 1^55. 


tvelchii can be demonstrated in 6% of cul- 
tures taken from high in the vagina ® 

To assure prompt germicidal action, in- 
struments must be mechianically clean be- 
fore immersion in germicide to permit it to 
contact all bacteria immediately. Because 
careful cleansing in itself is an effective t\^y 
of sterilizing instruments, the careless tech- 
nics of chemical disinfection in vogue are 
apparently successful.®’^ Even new instru- 
ments must be deansed because they may 
be covered trith a film of grease or oil to 
protect them against atmospheric corrosion 
and this film prevents bacteriddal action. 
To avoid diluting the germidde in %vhich 
instruments are immersed, they must be 
carefully dried prior to immersion; other- 
■v^'ise:, the germidde loses its lethal power 
and the excess -water may cause rusting. 

The material of •which an instrument is 
made, as well as the character of the in- 
strument itself, determines the t)pe of germi-- 
dde to be used. The instrument as a whole 

* Satk, R.: The Occurrence and Significance of the 
Oostridiuin tVelchii in ihe Female Genital Tract, j Obsi. 

Grriafc. Brz! Srrp., 51:321, 1944 

' S rrFtix’Tin-T .C TisnHj C. Thf .4srp‘ic TrcaimcrJ oj Wpunis 
London* H. R, Le"v\us, 1 B94, p. 64 

' CxtLCKiAS, F. -W and O J E * Laberatorj 

Studies of hfethods for Q can sing of Eating Utensils and 
Eaaluanng Deing-cnis, Arr j. Pub Health, 31:145-150, 
Februarj, 1941 
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must resist attack by the gcfiniade. Instru- 
ments made of several types of metal may 
be nnned because the genmadc corrodes 
but one »Tn^U portion of it, or the workmg 
edge may be dulled because the cor rosive 
action of the gcrmiade has not been suflB 
acntly inhibited 

The chief difficulty with chemical dis- 
infection is that It IS time-consiiming 
The strongest applicable gcrmiadcs require 
three hours’ exposure to reliably destroy 
fporci and at least twenty min uter* exposure 
to loll vegetative bacteria on instruments 
that have not been thoroughly cleansed • 
Hence, expediency often nuhtates against 
adequate chemical dismfcctiom 

The various instruments which are usu 
ally prepared by chemical disinfection arc 
considered m groups. Certain germicides arc 
recommended for each class along with the 
technics for therr use With all, it must be 
realized that successful disinfection fre 
qucntly entails the use of special equipment, 
ether to provide ideal conditions for gcnni 
odal action or to protect the instrument 
against damage during disinfection An 
excellent example cf specifically designed 
equipment fortifying chemical disinfection 
IS that of the transfer forceps 

transfer forceps 

Transfer forceps, or sponge sticks, have 
long been recognized as presenting a partic- 
ular problem m stcnlizatioii and there arc 
many instances •’ where they have been 
demonstrated as the source of contamina- 
tion m an otherwise safe techme Various 
modifications have been devised to prevent 
evaporation of the gcrmiade or to provide 

*SfADLDE*o E. H. Pcnonl comxinmicEtioii, May 

* E. E. aod Smith, R, StcrlUzlof In. 

ttnuoain and Utemllt, A/W Htsp^ 4»t92, March, J937 

*jA«EVfAY G. A. Paiocal communication, Aocust, 


a sterile hp for the jar but none has found 
wide acceptance and most hospntals con- 
tmuc to use clumsy, makeshift instrinncnts. 

A transfer forceps of new design has 
found wide favor, figure 17 These forceps 
arc umquc because the jaws arc irregularly 
serrated transversely emd have a crescentic 
cross section to afford every opportunity for 
them to gnp cylmdneal or irregularly 
shaped objects They pick up and grasp 
firmly any instrument from a milhner’s 
n«d]c to a heavy rctracto^ or a si zable 
package of dry goods, figure 17, 3 to 7 

The forceps arc forged from stainless 
stceL A pistol-gnp handle, substituted for 
the finger rings of the conventional sponge 
stick, provides a stronger, more natural 
gnp and la also advantageous because it 
projects the jaws of the forceps m the axis of 
the forearm — a pcmtian m which the load 
can be handled most easily with httic 
chance of contamination due to misdirection 
of the forceps A bump near the angle of 
each handle gives additional purchase for 
the thumb and forefinger and p re ven ts the 
handle from shppmg back mto the palm of 
a large hand 

The legs of the forceps distal to the lock 
protrude through a hole m a molded disc- 
shaped piece of rubber which is snapped 
over projections of the pivot to position it 
permanently The rubber forms a barrier, 
figure 17, 5, between the handle and the 
stcnlc legs and jaws distal to it and serves 
as a cover for the gcrmiade jar, figure 17, 7, 
effectively preventing evaporation of the 
genmade. 

The gcrmiade jar is molded of glass with 
a saucerhke base to lend stability as well 
as to catch spilled genmadc. The jar is 
graduated so that the genmadc can readily 
be maintained at the proper level. The 
upper nm of the glass jar is encased m a 
molded rubber nng, the upper surface of 
which bears a beveled hp over which the 
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rubber cover attached to the forceps fits 
snugly, sealing the jar. 

The jar is fitted with a fenestrated, piston- 
likc stainless steel bucket which is held 
against the laibbcr encasing the upper 
edge of the jar by a stainle,ss steel coil 
spring. The rim of the bucket protrudes one 
centimeter above the rubber, figure 17, 2 
When the forceps arc put into the jar, their 
jaws arc automatically inserted into the 
bucket. The weight of the forceps is sufii- 
cient to compress the spring and submerge 
the bucket in the germicide, figure 17, 1. 
The germicide is displaced by the bucket as 
it sinks and flows through the fenestrations 
When the forceps arc lifted, the sterile 
bucket guards the sterile jaws against con- 
tamination by escorting them beyond the 
unstcrilc rim of the jar, figure 17, 2.” 

CU71ING liDGE IN.STRUMliNTS 

Cutting edge instruments and those .so 
delicate that heat destroys them arc com- 
monly disinfected by chemical germicides. 
Often protection against mechanical injury, 
for example, dulling of an edge by contact 
with another instrument, is as important as 
the selection of a suitable germicide. .Special 
containers arc available that provide for 
safe immersion in germicide. A popular one 
for the disinfection and storage of scalpel 
bladc.s, figure 18, 1 to /!, has a rack with 
serrated arms to space the blades for easy 
removal as well as to protect them against 
damage while in the sterilizer. 

Instruments can be stored conveniently 
while immersed in a germicide in a con- 
tainer, figure 18, 7 and 8, which is fitted 
with a rubber-gasketed hd so that evajiora- 
tion is reduced to a minimum. 1 he feiicv 
trated tray can be lifted by the handle and 
positioned on bosses cast in the containn (o 

’'WAm')', c w Stmlf 'fnii)ir.T lor.fpi, Atri 7 
Sure, 53 184-1 BO, 19'U. 


permit the germicide to drain off, figure 

W,9. 

The most reliable germicides to be used 
for the disinfection of metal instruments 
depend upon formaldehyde as the active 
ingredient. Bard-Parkcr Formaldehyde Ger- 
micide typifies a commercially available 
product which pioneered in the field of 
corrosion inhibited germicides. The im- 
proved solution disinfects in three hours. 
.Sodium tetraborate and formalin mixtures 
or 5% alcoholic solutions of formaldehyde 
made up as indicated in the formulas in 
Chapter III can be used .satisfactorily The 
period of exposure is thirty minutes for the 
destruction of vegetative forms, eighteen 
hours for the destruction of spores.^ Germi- 
cides containing formaldehyde arc irritating 
to ti.ssuc and must be used with care.** 

RUnniiR GOODS 

Most rubber articles available at present 
arc di.sinfectcd either by exposure to moist 
heat or by chemical disinfection. Those 
which arc not heat rc.sistant — Kelly pad.s, 
.sheeting, and the like arc .soaked in alkaline 
formalin .solution for two hours. As synthetic 
lubbers ajijiear, care must be taken to .select 
suitable methods for disinfection because 
“rubber good.s” will undoubtedly include 
articles actually made fiom many sub- 
stances with kindred jiiopcrtic.s, figure 122. 

Guiia pereha, a .•>ub'7tance resembling 
rubber, .softens when heated and must be 
dihinfeelerl in aqueous solutions of germi- 
ciiles. 

.Shellae, an example of a natuial resin, is 
the lesmous ineiustaiion .secieted by the 
.scale in,se< l J/irctJn hn,rn Kerr of Biilish 
Jiidi.i. , Shell, le is de.sUoyed by heat and is 
ait.ukf'd by in.iny ori>.inie holvenls. “Gum 
ela*ilie,” “web,” or shell, ic” catheters can- 

” Mi'i I'fO'v, 1 I.' In Glr m Openlivc 

Woiindtt, a/ Ohit,, 1915 

] 



not be sterilized by heat without destroying 
thar ngidity If shellac articles arc soaked 
m tinctures, the gum dissolves so that dis- 
infection must be accomplished either by 
the use of aqueous g erm iadea or formalde- 
hyde gas 

PLASTICS 

Many plastics must be disinfected by 
chcmici[s because they arc not heat resist 
ant, figure 122 

DBI NF E Cn ON OF TELESCOPIC INSTRUMENTS 

Cystoscopcs, thoracoscopes, and pen- 
toncoscopcs present problems m disinfec- 
tion because they arc injured by solvents 
which attack the cement in which the lenses 
are set Alkah attacks the lens glass and 
makes it opaque and heat loosens and 
destroys the lens system. This group of 
mstruments is most advantageously dis- 
infected m the formaldehyde gas disinfector 
or by immersion m an aqueous germiade. 
War time advance m plastics has produced 
a beat resistant, transparent substitute for 
Canada Balsam m which lens systems can 
be set Endoscopes mcorporatmg this new 
cement can be sterilized by exposure to 
saturated steam at 121®C “ The new Kirwin 
Cystoscope pomts the way to easier instru 
ment care and safer endoscopic examina- 
tion because it has been d^gned to be 
sterilized by moist heat 

tnSINFECnON BY FORMALDEHYDE OAS 

Equipment for the proper use of fonnal- 
deh^ric gas is not commercially available. 
A pressure cooker can be modified to serve 
as an ideal disinfector “ A 300-watt nng 
heater and a thermostat set at 26*0 arc 
fastened against the bottom, figure 19, to 

“ U ALLACE, F J Parma] coomrankackn, Joty 1946. 

T J A New Cyitompc, J Ui$i^ J3i 

208,1946. 
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maintain minimum gcnruadal tempera- 
ture. The hd is fitted with a stop-cock and 
mpple so that a lOO-tom. vacuum can be 
drawn. A reservoir for fonnalm, a metcrmg 
valve, and an evaporator permit the ready 
mtroduction of 12 cc. of fonnalm The 
evaporation of the formalm provides simul- 
taneously the humidity (80% minimum 
essential) and formaldehyde (0 05 mgm. 
per cent lethal concentration) The forma- 
tion of these gases reheves the vacuum and 
insures penetration of the g er miadal gas to 
all parts of the instruments Thirty minutes* 
c:q)osurc suffices to disinfect thoroughly 
clean instruments after all the conditions 
enumerated above have been attained 

OPHTHALUOLOOICAL INSTRUMENTS 

Ophtbalmological instruments, particu- 
larly the dchcatc ones, arc best dminfected 

"Eatza, E. E. *od PgjjQgjt, U Pnmirc Coolxr 
Sterilizer lor listruinenti, Mti. SO 86, 

M»y 1938 Bjr p>ermijuoQ of Modem Iloapicd Publiihias 
Company Inr. 
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by im mersion m corrosion inhibited 1 1000 
aqueous Zephiran because it protects their 
cuttmg edges and also is nomnjurious to 
the eyes, whereas formaldehyde residues on 
such instruments are imtatmg and must be 
remolded completely by rinsing the instru- 
ment in sterile water before it is used Dry 
heat is also practicable (Chapter IX), 
Double-bladed cataract kmves and comeal 
trephines are best sterilized at 121°G for 
four hours 

UTENSmS, OPERATING ROOM TABLES, FLOORS, 
PAINT 

The most effective method of disinfectmg 
contaminated surfaces m the operatmg 
room is to mb them ^\ith a solution of 
1.1000 sodium hypochlorite This solution 
can be used A\ith soap and is an effective 
means of termmal disinfection Another 
effective method is to scmb the contami- 
nated surfaces \\ith a solution of 1 2500 
Roccal, allowing the solution to dry on The 
use of soap must be avoided because it in- 
hibits the action of this germicide If the 
problem is limited to the disinfection of 
spots of blood or pus, the most suitable ger- 
micide IS a thm paste of chlorinated lime 
applied to the contaminated areas for 
several mmutes, it should be agitated 
occasionally for maximum effect ^Vhere 
disinfection of a ^vhole room is essential, 
aerosols (Chapter XIII) are effective and 
eas\’^ to use. 

BRUSHES 

Chungking bristle brushes (hog bristle) 
are disi^ected by immersion m germicide 
because even moderate heat causes the 
bristles to crack and curl. Such bristles 
cause pain ^vhen the brushes are used to 
scmb the skm and accordingly adequate 
skin disinfecuon is too uncomfortable and 
is not carried out. Brushes must be nnsed 


stored in 1 1000 aqueous, Zephiran, a 0 5% 
aqueous solution of lodme or a solution of 
1:1000 sodium hypochlonte Vegetable 
bristle and synthetic bristle bmshes are 
best sterilized by saturated steam 

SURGICAL GUT 

Tubes containing nonboilable gut must 
be disinfected by chemicals The germicidal 
solution must have a low specific grawty so 
that the tubes iviU sink and remain sub- 
merged The solution must also be a fat 
solvent to remove the finger prmts which 
may protect bacteria on the outside of the 
glass tube Ordmary candy jars * make ideal 
disinfecting contamers for surgical gut when 
fitted with a glass partition to separate two 
sizes of surgical gut Tubes of gut are packed 
in the j'ar and then it is filled \vith an alco- 
holic solution of formaldehyde The jar need 
not be sterilized previously nor need the 
surgical gut tubes be washed The unstenle 
cover is put m place and the jar is quaran- 
tined for eighteen houm At the end of that 
period, its contents, mcludmg the inner 
side of the cover, wall be found sterile and 
wall remain so until the last tube of surgical 
gut is used Jars full of disinfected surgical 
gut tubes need not be cleansed and redis- 
infected just because it is Sunday 

AMPOULES 

Ampoules of dmgs must occasionally be 
disinfected for use at the operative field. 
Ampoules should be selected w'hich have 
the label imprmted on the glass itself, other- 
i\ase, the labels become detached and the 
identity of the dmg is lost Because many of 
the dmgs are cr)stallme, they are put up m 
large ampoules so that there is room for a 
solute A germicide wath a specific gravity 
low^ enough to cause them to sink is not 
available and a contamer wath a special 

* Vitzx 4250, Glasco Products Coinpan>, Catalogue, 
1942 


ree of soap and can be disinfected and 
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cover to keep the ampoules submerged 
must be provided, figure 18, 5 and 6 Be- 
cause cracked ampoules arc likely to leak. 
It IS desirable to color the g erm iade so that 
leaky ampoules can be detected readily 
before the imtatmg chemical is mjccted 
into the tissues. Dyes should not be added to 
germiadcs indiscriminately because many 
arc mcompaoble and decrease bactericidal 


action. Formulas for colored solutions of 
either formaldehyde or Zephiran suitable 
for this purpose are listed m Chapter III 
The ideal solution is one ^vlth vapon that 
destroy bacteria so that the protruding por- 
tion of ampoules and the inside of the cover 
arc disinfected Alcohohe solution of formal- 
dehyde has these properties. 
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CHAPTER. V 


PHYSICAL DESTRUCTION OF BACTERIA 


js Dzv ihe dTUTRol Cldcs thal are in the while matter on the front teeth, and on the foremost oj the back teeth, 
being unable to bear the hotness of the ccfoce, are thereby lulled: like Tve ofoen shown that animalcules which are 
in water arc made to die by a slight heating. 

— Anthony von Leeihvenhoek, 1 692 ^ 


ITany physical agents destroy or remove 
bacteria- Alechanical cleansing is the most 
applicable means for getting rid of gross 
contamination. The burial of the dead, the 
central deposition of feces, the scrubbing of 
hands and the debridement or excision of 
contarninated vrounds are examples of 
mechanical cleansing -which for many years 
have been relied upon to control disease. 
Burning; has been considered ‘“The Great 
PuriSer’ but many forget that it has but a 
surface effect; that ever}’thing must be con- 
sumed to be certain of sterilization. Septic 
dresnn^ or sputum are customarily dis- 
posed of by burning. Desiccation is often 
relied upon for dirinfection. Pathogenic, 
nonsporefoiming organisms can readily be 
controlled by a fe^^• hours of desiccation but 
carefullv dried sporeformers have been 
demonstrated to surtdve fortj* years in the 
anh\*drous state." If nonsporefo rmin g patho- 
gens are desiccated completely in a high 

’Dohei2_ Cujtoild. ArzthDTj vm LccmvtrJiocJ- end Bis 
f-rMT, Sr-mUr 2v Yorln Harccrar^ Eracs and Cionroanv, 
lac., 1932, p 2^5. 

- X^rOr r ^ E, C.- D-ir.rfcU-DT ad X^eTfLccSOT:. Pbla- 
cdpEla. Lea and Ftinper, 1936, p 1/1. 

' Paosnoar, E. W. and Ivlirro, S.: Procedure and Ap- 
•pzczms far Preservation of 'EvophSe"’ rortn of Scrum 
Ld QdicrBtDlDpcal 5-_bs2nccs, j Ivraadl-, 29.589-^25, 
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■^tacuum, it has been shotvn that they sur- 
\dve indefinitely." Sunlight is often relied 
upon for disinfection.^ The action is due 
partly to the dehydrating and calorific rays 
but chiefly to the ultraviolet component of 
sunlight.® The germiadal action of sunlight 
is poor in cities because the dust in the air 
reflects or absorbs so much of the ultra- 
riolet radiation that little is left for germi- 
cidal action. To be effective, sunlight must 
strike the object to be sterilized almost per- 
pendicularly, othen\dse much of the ultra- 
violet is reflected ® For thi.s reason, the ger- 
micidal action of sunlight is less at the poles 
than at the equator. At best, it is superficial 
and, even then, uncertain 

Other physical agents can be used for 
their germicidal action but their use is un- 
common or depends upon accessibihty to 
cumbersome equipment. They are of mter- 
est chiefly because they are occasionally 
used in medicine. Electricity alone has no 

* Dcr^^■^'Es, -A: Researches on the Effect of light on 
Bacteria and Other Organisms. Pros Ro) Soc , 26 468, 
1877. 

^hlARSHAix, H. W Experiments on the -Action of 
Light on BaciDus -Anthraas, Pror Roj) Soc, 52 393, Decem- 
ber, 1S9Z 


'' F. hL: Sunlight as Disinfectant, j Michgcr 

M So:., 25.636-645, December, 1926 

[ 38 ] 



genmodal action cxcqDt that high frc- 
qucpcy dcctnaty generates heat m tissue 
and hence, indirectly, is a germicide. The 
endothermy knife is a good example.’ Hard 
Roentgen rays (wave length 0 0-1 SA) are 
highly bactenadal but are seldom used be- 
cause the bard x ray has a deleterious action 
on the skin.* Alpha or beta rays emitted 
fr nrn radium a Inn have germiadal action 
Some waves m the neighborhood of 800,000 
cycles per second have been used to pasteur- 
ize mi Ik, * and supersonic waves up to 
1 ,500,000 cycles per second have been shown 
to destroy toth bacteria and viruses.’* Many 
believe that pressure alone is g erm iadal and 
fed that the pressure sterilizer owes its 
effiacncy to the fact that pressure destroys 
organisms It has been shown that 7030 
Kgm. per sq cm. exerted for fourteen hours 
is necessary to destroy vegetative bacteria “ 
Most dry spores resist even higher pres- 
sures. 

The most umversally applicable physical 
agent is heat It is an age-old obsm'ation 
that temperature affects bacterial life. The 
preservation of food by chiUmg is the most 
useful application of the fact that cold 
inhibits ^ctcrial growth The dormant 
storage of bacterial cultures at — 28®G is 
the modern techmc for prolonging the life 
of cultures in bactcnologic laboratoncs “ 

^Tomxv W W C. »nd WnjoK O 3 PrTKipUi if 
/mope/r Bildmore W illiam Wood and 
Co^ 1937 p. 92. 

' PoDBjv A. T., Odooe, T H, and Edcty G E. Ac 

oT X<ayi oo Certain Bacteria, /Vac. Rtj ''-i/n 
■S. 118:276-298 Aufurt, 1935 

* CoAMnn, L. A. and GAma, N Some of 

I ntrn a r Audible Sound on Living OrganlBSB anfl (VTW, 
J CM, Qt Cmp. li451-«73, 1932. 

* Bicxwmi, T D and Ouow A. R. Ultraaonic Ra 

and Yean CHb, /Vac. Sac. Expo BM 9 MM, 
25:362-364 1 931-1932. 

Iauok W P., Hajctzeix, T B. and Dterl, H. S.. 
The Effect of High Pirmira oo Bacteria, J I^f Du,, 
t2i271 1918 

® Hadiu, R, B. The Effect of Frcexiiig oo 
Aw. Lmdm S, fl, X24 j451-463 1938. 


Cold has recently been found effective for 
controlUng infection m arms or legs with 
poor blood supply ’* The rcfingcfatcd ex- 
tremity can be amputated safdy without 
additional anesthesia when the patient’s 
condition warrants operatiorL 
Smcc the days of Louis Pasteur and 
Robert Koch, bacteriologists have sought 
the optimum temperatures for stimulating 
the growth of vanous organisms Four mam 
groups of bacteria have been recognized 
The psychrophilcs grow belo3V 13 8®C. 
This group IS of mterest to the medical pro- 
fession because it spoils food m cold storage 
where growth occurs m any moisture which 
IS not actually crystallmc. 

The mcsophilcs grow at temperatures 
comfortable to man. The organisms respon 
sibic for fermentation, {jutrcfaction, and de- 
cay thrive m the range between 20®C and 
30®C The bacteria causmg disease m warm- 
blooded animaU show optiimun growth 
between 37®C and 40®C. 

Thcrmophihc bacteria grow best between 
55®C and 80®G and are foimd m nature 
wberever warm conditions exist as in v/arm 
soils, manure piles, or hot springs These 
organisms arc of mterest because they &e- 
qucntly contaminate laboratory glassvrarc 
and cause waste m the cannmg and dairy 
mdustnes In the latter, for instance, tber- 
mophiies may grow rapidly m a pasteurizer 
and spoil the quahty of the milk. 

Thermodunc bacteria survive prolonged 
exposure to heat and proliferate when ordi- 
nary temperatures are agam restored. They 
also are troublesome m the cannmg and 
dairy industries. 

Heat has long been used unwittingly 
for the destruction of bactcnal life. Smcc 
the development of bactcnology, much 

"Aiojw F Redoced Tempcnturei in Surgery 
SunteryofUmbi,^ J .Siry, 32:225-237 1 941 

** McCdllocu, E. G Duxj^ethm tad ilmZZcattK, Phlti 
delphla. Le» Be. Febiger 1936, p. 82. 
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researcli has been done on the bactericidal 
effect of heat Unfortunately, specific prob- 
lems prompted mvestigators to use different 
conditions for testing and culturmg bacteria, 
so tliat tlie hteratiii'e is apparently contro- 
versial. Accurate data are essential because 
many problems m sterilization cannot be 
solved simply by subjecting the material 
to an abundance of heat^® In die sterih- 
zation of canned beans, for example, it is 
imperative to destroy tlie spores of the 
deadly Clostndium botulinum but an excess 
of heat results in bean soup rather than 
appetizmg, firm, green beans 

Themediamsm of tlie tliennal destruction 
of bacterial life is poorly imderstood. One 
sdiool maintains tliat heat inactivates Utal 
enz^anes in tlie organism or in the media in 
Avhich tliey grow. Tlie fact that spores are 
more resistant to heat than vegetative 
bacteria lends support to this theor}^ because 
the metabohc actiUty of spores is almost ml 
The Utal enz^nnes apparently are com- 
bined vath die cell proteins in a spore ivhich 
makes diem mactive and more resistant 
toward heat 

Others beheve that the phenomena of 
diermal destruction of cells parallel the 
heat coagulation of proteins so closely that 
similar processes act Tliey conclude that 
death is caused b)" die heat denaturation of 
die proteins ivliicli make up the bacterial 
cell In support, there is die fact that the 
deadi rate of bacteria increases suddenly 
after critical temperatures are reached. 
Even shght slnfts in die hydrogen-ion con- 
centration of die medium in whicli the 
bacteria are e-xposed to heat increase the 

C. O Thermal Process Time for Canned 
Poods, P-i/ f Coszrl / 1, ^^3/, 192o 

’'Vrs-TOOLN -V I and J Die Sekrenon 

u-d Thcrmostabilnat dcr Bakrcnenproicmasen Z^schr J 
p*-) r ^ 204-24 — Z5S, 

■ r VmTVNXN -V I On EnzAtnes of Baciena and Bac- 
terial Metabolism, J 23-44/ -460, 195- 


death rate just as they influence the coagula- 
tion of protem Like protem, bactena resist 
exposure to heat better when dry than 
when moist 

Disruption of the cell membrane by 
heat IS also held responsible for thermal 
death of bactena 

It IS obvious that actual charrmg of or- 
ganisms, as by the cautery, is destructive of 
bactenal life 


FACTORS INFLUENCING THE THERMAL RESIST- 
ANCE OF BACTERIA 

Bacteria vary gready m their resistance 
to heat The age of the bactenal ceU has 
marked effect ~ Cultures which are twenty- 
four to thirty-six hours old sur\nve heating 
longest Spores are more resistant than 
vegetative organisms, thus some organisms 
have two distinct sterilization periods that 
for vegetative cells and that for spores 
Dry organisms are more resistant to heat 
dian ivet orgamsms, dierefore, the ledial 
effects of diy^, in contradistinction to moist, 
heat must be considered ^^dlen conducting 
sterility tests, dry spores rather than wet 
suspensions of spores should be used The 
coagulation of vanous concentrations of egg 
albumen affords an interesting parallel 
The temperature at \vhich solutions of egg 
albumen coagulate following a thirty-mmute 
exposure to heat is shown m figure 20*^ 

Chick, H The Process of Disinfection by Chemical 
.•\gcnacs and Hot tVatcr, ^ ^ 10 237, 1910 

” Chick, H and Maktik, C J On the Heat Coagu- 
lanon of Proton, y Phjsiol , il, 404—430, 1910 

® EcKEUtA-vv, E Von Uber Baktcnen, uelchc die 
fraknonicrtc Sterilisation lebend uberdauem CaUralhl / 
Bati, 43 140, 1918 

^ Burkk, G S Studies on the Thermal Death Time 
of Spores of Clostndium Botulmum, J infrei Dis , 33 274- 
2S4, lf>23 

- Chick, H TTic Thrar) oj Disirjrciwn 4 Sjstm cj Ba:- 
Jmoh^r London Medical Research Council, 1 178,1930 
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Wlicn moisture is present, coagulation oc- 
curs at relatively low temperatures but 
higher temperatures arc necessary when less 
water IS present 

The hydrogen ion concentration of the 
sterilizing fluid influences the hactcnadal 
effect In home canning, for example, aod 
foods can be sterilized readily, whereas 
pHcalinr foods arc dangerous because the 
spores c£ Clostridium botulmum are not 
destroyed unless spcaal precautions arc 
taken 

The individual characteristics of organ 
isms detcrinme their thermal resistance. 
Tor example, the vanorus strains of the Neis- 
seria gODorrhoeac have characteristic ther- 
mal death times ranging from six to thirty 
six hours^ exposure to moist heat at 41 5®G. 
The average exposure is twelve to fifteen 
hours 

ESSENTIALS FOR STERILIZATION BY HEAT 

In summary, there are three well recog- 
nized essentials for sterflizaticm by heat 
1 Bacteria must be heated long enough- 
A prevalent mislcadmg concepoon is that a 
certain temperature is lethal to organisms 
regardless erf the period of exposure and 
that lesser temperatures are innocuous. 
When a culture of viable organisms is ex 
posed to an unfavorable environment, the 
population decreases m an orderly manner 
The more noxious the environment, the 
more rapid the decrease but exposure must 
be long enough to kill the last “die-hards * 
UnlcM this penod of exposure to heat is 
knmvn, a statement regandmg the thermal 
death pomt has no significance. 

2. Bacteria must be exposed to a suffi 
cacntly high temperature to destroy thrm all 

"Ltwim, S Ueber die Urticbe der tVidentADd*- 
der Sporen gefcn bobc Tcmpeimturm. Ein 
rur TbeMie der Derinfeetton, /In*. / /Wt. 

J6iJ41-354 1889-90 
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dunng the chosen penod- The temperature 
of the least accessible organism is of para- 
mount importance, not that of the sterilizer 

3 The amount of moisture present must 
be known, otherwise it is impossible to 
select either a penod of exposure or de- 
gree of temperature without resorting to 
an unwarranted abundance of heat. 

Several examples illustrate the apphea 
tion of these essentials m medicme. Fever 
therapy is effective for the differential de- 
struction of bacteria m hving patients A 
mcc appihcation is the treatment of chrome 
gonorrhea where it is possible to culture 
the gonococcus and determine its exact 
thermal death tune at 41 5®G. When 
artificial fever is induced m a patient for 
that penod, the living tissues can be sten- 
lizcd of gonococci, whereas mtcrvals shorter 
than the prcdctcrmmcd death tirrn- arc 
mcffcctivc.** 

** Walter Q. W., “Sterfliadon of Dreadcyi >T»rl Dry 
CoocU," in. airir flej 7li4l4 1940 in Svt Cj^ 
& Ohst^ November 1940 By permfarian of 
OS Oiiklna 

’‘Wamex S. L., Sodtt tv and 
C. KL Artificially Induced toe Trentment of 

Gonoco cc ic Infeeds la tbe MaIc, 109 143<>- 

1434 1937 
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The pasteurization of milk is another ex- 
ample The bactena of milk-borne diseases 
are readily destroyed by moderate exposure 
to moist heat of 61.5°G for thirty mmutes, 
yet even shght overheating will spoil the 
quality of the milk 

THE USE OF HEAT AS A GERiOCIDE IN SURGERY 

The chief methods of sterilization by 
heat utilize three forms: moist heat, dry 


heat, and actual destruction by char- 
ring 

The most umversaHy used methods 
depend on moist heat The chief pitfalls m 
the method are factors which keep moisture 
from bactena and prevent sterilization 
Improper application of heat, the presence 
of am, od and grease, and protein militate 
agamst sterilization The apphcation of 
these methods is discussed m subsequent 
chapters 
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CHAPTER VI 


SANITIZATION BY BOILING WATER 


Tht ngulabons madt in some hospitals that coery visiior must sign his name in a book declaring that he has 
not for a week nsiied any ease oj injections thstast or attended a post-mortem exsamnalxon, hejore bang admitted 
irdo the opaatmg room, has aktxys seemed to me to be meant Jot a sort oJ plaisantcric. For my own part, 
when a cast goes wrong ejta an opaation, J hoot seldom to look Jar beyond myse^ Jot the cause oJ Jatlurt — 
somethsng done something not done Thu u a lesson hard to learn we blame pasoru, ihmgs, accidents, and 
araanstances rather than ovrseloes 

— Thomas Keith, 1878^ 


Since Hugo Davidson, in 1888,* justified 
the use of boiling ^vate^ as a germicide be- 
cause It was rcaiily avzulable, it has been 
used for the control of disease in hospitals 
All types of boiling water sterilizers have 
certain limitations inherent m the use of 
boilmg water, the chief one being that the 
boiling pomt vanes with barometne pres 
sure, the maximum being 100 8®G at sea 
level with a hi g h barometer, a mmitrurm 
bang 84 3®G at Denver with a low ba 
rometer * This range of temperature has 
long been recognized as being suitable 
for sanitation, the destruction of vegetative 
^^anisms only, in contrast to sterilization 
which nnphes the destruction of all bac 
tcnal life. The spores of tetanus nnd gas 
gangrene organisms resist short periods of 
hoiling, others survive contmuous b ailing 
for forty five hours * 

The period of exposure to boiling water 

T Ovtriotomy bdbre aod after anti*eptki, 
A/ 2t590 1878. 

' DAvnaoH H. Wle •oO der Arxt *dDe l u t irmu cDte 
**in6dreD? Brri Kluu tVciuMkr 23i697 1888 

' IHta C3ourte*7 ot United Sute* Department ol Ccod- 
Weatijer B oi e au , DenTcT & Bowoo. 
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THE BOILINO POINT OF WATER 
AT VARIOUS ALTITUDES 



AOOuOt In Utttn 
Fiouu 21 


vanes with the altitude For altitudes above 
300 meters, the period should be mereased 
20% for each additional 300 meters because 
the boiling pomt of the water decreases 
enough to Influence its gcrmiadal effect, 
figure 21 

Eaiv J R, ard Mevxa, K. F TIjc Heat Rctbtaiwre 
of tbo Spores of B. BotuUnui and AILcd Anaerobo, J It 
JkL Du^ 31 630 1922. 




The pasteurization of milk is another ex- 
ample The bacteria of miUc-borne diseases 
are readily destroyed by moderate exposure 
to moist heat of 61 5°C for thirty minutes, 
yet even slight overheatmg will spoil the 
quahty of the milk 

THE USE OF HEAT AS A GERNnCTOE IN SURGERY 

The chief methods of sterilization by 
heat utilize three forms moist heat, dry 


heat, and actual destruction by char- 
rmg 

The most universally used methods 
depend on moist heat The chief pitfalls in 
the method are factors which keep moisture 
from bacteria and prevent sterilization 
Improper apphcation of heat, the presence 
of aur, od and grease, and protem mditate 
against sterilization The apphcation of 
these methods is discussed in subsequent 
chapters 
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CHAPTER VI 


SANITIZATION BY BOILING WATER 


Tkt TcgulaUoiu modi in sorru hospitals that cptiy vtsitar must sign hu nams tn a bock detUmng that he has 
not for a week nsiled anj cast of vftciious distast or attended a post-mcrtem examination, before beinf admitted 
mio the operaiiMg room, has aiwajs seemed to me to be meant for a sort of plaiianlcnc For own jnsrl, 
when a case goes wrong after an operation, I haoe seldom to look far beyond myself for the cause of failure — 
something done something not done This is a lesson hard to learn we blame persons, thinpi, aeeidents, and 
cjrcumstanus rather than ourselves 

— Thomas K.prTif, 1878 * 


Smcc Hugo Davidson, m 1888,* juaoficd 
the use of boihng ^vatcr as a gemuade be- 
cause It was rca^y available, it has been 
used for the control of disease in hospitals 
All types of boiling water stcnlizcrs have 
certain limitations inherent in the use of 
boiling water, the chief one bang that the 
baling point vanes with haroractnc prev 
nire, the majornum being lOOS^G at sea 
level with a high barometer, a mimraum 
bemg 84J®C at Denver with a low ba 
rometer* This range of teraperature has 
long been recognized as bang suitable 
for sanitation, the destruction of vegetative 
organisms only, m contrast to sterilization 
which implies the destruction of all bac- 
terial life. The spores of tetanus and gas 
gangrene organisms resist short penods of 
boiling, others survive contmuous boBing 
for forty fiv-c hours * 

The period of exposure to bofling water 

' KtiTH, T 0*»riotDmy before &ad after antl^p fW^, 

J, 2 550 1578. 

* Daviwcw H. Wlc nn dcr Am leiiv- Inrtnnoaite 
^e£s£anTj Bert fta. IftAwlr., 2St657 iVP 

Ccmrtayof LtuMd Snta IVp»rtiDcnx at Om- 
oete, WciUier E u r eiu , Deorcr L. Dgato o. 


TBEBOIUHO POINT OF WATER 
AT VARIOUS ALTITUDES 



vanes with the altitude Tor aJuiudcs above 
300 meters, the period should \y incrca/xl 
20% for each additional 300 meters fjecau/* 
the boiling point of the water dccrca./:5 
enough to influence its germiddal cfTcct, 
figure 21 

*E»rrJ R. »nrf Mitvt* K- F Tte- 
of tfv Sfnera cl E ErV^Enta %T/i AlEeri Ar.e/rrJ/rx, y /*^ 
JtcLDu^SUCJ) tJ2L 
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As convenience caused the evolution of 
boiling-water sterilizers from the fish kettle 
to modem, built-m, “nonpressure” steri- 
lizers, various factors limiting the effective- 
ness or safety of these sterilizers were 
recognized It was found that the sterile 
contents of a sterilizer could be contami- 
nated by way of its plumbmg connections, 
and vice versa, the water supply might be 
contammated from a polluted stenlizer A 
technic for avoidmg such misfortunes has 
been elaborated and these precautions are 
known as “sanitary plumbmg ” ^ 

Mechamsms for the pollution of the water 
supply are illustrated m figure 22.® Con- 
tinual pressure from the water mam is 
necessary to mamtam a column of water m 
the risers supplymg water outlets on the 
upper floors of a bmldmg Whenever the 
pressure m tlie water mam decreases, the 
column of water m the riser is no longer 
supported and it falls, creatmg an area of 
negative pressure at the top of the column 
If the riser is taller than 10 3 meters, and if 
the dynamic pressure in the mam falls to 
zero gage pressure, the water column falls 
and a vacuum exists above the 10 3 meters 
level A common ^vay of causmg such a 
reduction of pressure is to shut off the water 
supply valve while makmg repairs Water 
tackles through the bubbler or other open 
faucet, figure 22, 7, and causes the forma- 
tion of a vacuum m the riser above it 
Leaky water faucets or valves on the floor 
above make this condition dangerous bac- 

‘ Connolly, J I The Part of Plumbing m Preservong 
Water Punt}’, Armour Eng & Alumnus, 6 11, October, 
1940 

® Sanitary Dangers of Cross Connections in Plumbing 
— An Editonal, J A M 4 , 127 712, 1945 

'Burke, O J WTien Water Runs up Hill — Look 
Out! 77u LaJlf,Jul\, 1943 

'Kaunske, a a and King, F R. \NTiy Take a 
Chance? — Hospital Plumbing, Mod Hasp, 48 100, 
March, 1937 By permission of Modem Hospital Pub- 
lishing Co 


teriologically, because the negative pressure 
m the riser is relieved by aspirating fluid 
backward through the leak If the aspirated 
water or air is sterile, the nser is uncon- 
tammated, but if flmd is aspirated from an 
improperly designed or installed water 
closet, bedpan hopper, sterilizer or bath tub, 
the water supply is immediately contami- 
nated with potentially dangerous flmd 
Another manner m which such con- 
tammation may occur is illustrated m 
figure 22, 2 Here, laundry machmery 
located m the basement of the hospital 
makes a disproportionately large demand 
on the water supply which is too small to 
supply both the laundry machmery, through 
Its wide open valve, and support the column 
of water in the riser Hence, every time the 
valves to the laundry machme are opened, 
negative pressure is developed m the nser 
and contamination may occur whenever a 
water faucet is opened or a faultily designed 
toilet is flushed on the upper floors A leaky 
valve on stenlizmg eqmpment may be a 
hazard under these conditions 

A leaky water supply valve on a sterilizer 
is also a menace to aseptic techmc because 
It may permit unsterile water to dribble 
continually mto a sterilizer, figure 23, 7, the 
contents of which have been sterilized To 
protect both the water supply and the 
sterilizer, an air break illustrated in fig- 
ure 23, 2, 3, can be mterposed between the 
sterilizer and the water supply Negative 
pressure m the riser is overcome by air 
rushmg m through the air break Leakage 
past the valve is carried away through a 
by-pass which has sufficient capacity so that 
leakage of 160 hters of water per hour is di- 
verted harmlessly mto the dram, figure 23, 2 
In another type, water is admitted through 
a series of baffles \vhich lead a small tackle 
of ivater mto the dram leakage follows 
this course To fill the sterilizer, sufficient 
water must be admitted to exceed the 
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FAILURE OF WATER SUPPLY INADEQUATE WATER SUPPLY 
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capaaty of the safety by pass and spill into 
the sterilizer, figure 23, 3 
To carry away excess steam created by 
the water m sterilizers, vent lines 
are often installed to conduct the steam to 
the atmosphere rather than penmt it to 
fin the room and condense on the walls and 
ceiling This not only ruins the dccoratmg 
but 13 otflectionablc because the dnp from 
the moist rolling frequently contaminates 
Btenlc fields M^y vent installations are 
ineffective because long horizontal runs 
negate the effect of convection, figure 24 
Others arc dangerous because as condensa- 
tion of the steam occurs, the condensate 
dnps back through unstcnle vent pipes mto 
sterilizers, figure 25, 1 Properly designed 
vent connet^uons clnmnate this hazard by 
conducting the condensate to the dram 
behind a barrier, which prevents it from 
flowing mto the stenhzer, figure 25, 2 
Stacks to which sterilizers arc vented must 
not be connected to other plumbing fixtures 
and should extend to the roof Measure- 
ments essential to safety are given m fig 
urc 26 

To avoid the costly installation of vent 
ppcs, automatic vapor control devices are 
sometimes attached to nonpressure sten- 
hzm. The imderlyrng pnnaplc is that steam 
from the boiling water contacts a thermorc- 
Bponsive clement m the top of the sterilizer 
which throttles the supply of heat so that 
the temperature of die sterilizer is kept 
just bdow the boiling pomt This may be 
accomplished cither by shutting off the 
mam supply of heat and allowing suflkaent 
heat to enter the stcnlizcr through a by pass 
of suffiaent capaaty to maintnin sterilizing 
temperature, figure 27, 7, or by relying upon 
the throttling action of a special valve to 
decrease the heat mput, figure 27, 2 Elec 
tncaHy heated and gas-fired sterilizers rjtn 
be equipped with automatic vapor controls. 

^Vhcn properly designed and \vcU ad 


ADEQUATE VEtfT INSTALLATION 



Fiounz 26 

justed, these devices arc successful but when 
cheaply made and carelessly mamtaincd, 
they arc dangerous because the temptation 
exists to adjust them to a temperature sufli- 
acntly low so that even an improperly 
functioning control will eliminate stcammg 
This IS accomplished at the expense of 
sterilization because the temperature of the 
water IS no longer kept m the neighborhood 
of lOO^’C for effiaent gcrmiadal effect but 
dropped below that pomt for effective vapor 









EXCESS VAPOR CONTROL 



Figure 27 




control Tampering by uninformed me- 
chamcs in the attempt to hasten the action 
of such controls is one cause for their failure 
Sterilizers equipped with automatic vapor 
control devices should be fitted with ther- 
mometers also, so that their effectiveness as 
sterilizers can be checked at will 

Contamination of sterilizers by way of the 
waste Ime also occurs because sewage backs 
up, forcmg dramage retrograde fashion mto 
the sterilizer through a leakmg or open 
dram valve, figure 28, 1 An air break m the 
dram Ime protects the sterilizer against this 
hazard because sewage spills out of the open 
funnel, figure 28, 2, and cannot be forced 
mto the sterilizer 

The bactericidal efficiency of nonpressure 
sterilizers can be mcreased m several ways 
Everythmg m the sterilizer must be filled 
and covered with water to ehmmate air 
pockets An example of faulty sterilization, 
due to trapped air, occurred m a hospital 
where the neurological surgeon used a test 
tube tied to his sterile drapes as a holster for 
the electrocautery The inside of the test 
tube was shown to be unstenle Investiga- 
tion revealed that it frequently floated 
bottom side up m the water, figure 29, 
trappmg air which protected dry bactena 
m the bottom of the test tube from the de- 
structive action of moist heat 

The addiUon of alkah is an advantageous 
way of mcreasmg bactericidal efficiency by 
lowermg the hydrogen-ion concentration ® 
It also decreases the corrosive action of 
boilmg water on instruments The addi- 
tion of sufficient sodium carbonate (sal 
soda) to make a 2% solution m the sterilizer 
or sodium hydroxide (lye) to make a 0 1% 

*Ecker, E E and Smith, R Stenlizing Surgical 
Instruments and Utcnsib, Mod Hosp , 48 92, Ivlarch, 
1937 


TRAPPED AIR PROTECTS BACTERIA 



solution should be adopted widely m the 
mterests of economy and safety 

In areas where hard water is encountered, 
a water softener should be added to steri- 
lizers to prevent the deposition of hme salts 
as a scale on instruments and the mside of 
the sterilizer The quantity and kmd of 
softener to be added must be determmed 
for each local water supply 

Oil and grease must be kept out of non- 
pressure sterilizers because these substances 
prevent moist heat from contacting bactena 
and protect them agamst sterilization The 
greasy rmg often found at the water level 
on the inside of sterilizers indicates gross 
carelessness and disregard for the safety of 
the patient 


ScHDiMELBUSCH, C Dic Duichfilhrung der Asepsis 
in der Klmik dcs Hcrm Gcheimrath von Berg mann m 
Berlin, arcA / klm Chir , 42 123, 1891 
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Instruments must be opened or unlocked 
so that no metal surfaces arc held m such 
tight mcchamcal apposition that water can 
not wet all surfaces of the instrumenL Wher- 
ever moisture is excluded, germiadal action 
IS dependent upon dry heat and the tem 
perature erf boiling water is too low to be 
effective. 

The safe minimum period for stenliza 
ton m boilmg water at altitudes less than 
300 meters is thirty mmutes at 100°C for 
vegetative organisms K the hydrogen ion 
concentration is decreased by the addi 


tion of alkali, the penod of exposure can 
be safely decreased to fifteen minutes * “ “ 
The fifteen minute period is adequate for 
the destruction of certain spores, provided the 
pH 13 carefully controlled At higher altitudes, 
the stenlizmg penod must be mcrcased 

Boilmg water is an inadequate gcrmiade 
for fireopcrativc sterilization and should not 
be used where steam is available 

“ SOBXXNHEIU, G Ueber TrUr mTv ^ H i-^nti-r nitiiTimg 
•SobcAf mtJ 62 1034 1932. 

“\Vai.BUM L. E. fit mlmKpn T ra tnimi^n fl, 

Hatp TiJ^76 57 Jiniury 1933 
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CHAPTER Vn 


STERILIZATION BY STEAM 


To reduce human errors to a minimum tl is absolutely essential that both those who are in charge oj steriliza- 
tion, as well as those who actually carry it out, should at first be amply qualified and should then be regarded as 
fixed stajp. 

— Walter E. Dandy, 1932 ‘ 


FLOWING STEAM 

Flowing steam at atmospheric pressure 
is occasionally used as a germicide. The 
Arnold Sterilizer is the common type of 
equipment used for the purpose Originally, 
this method was designed for the cooking 
of vegetables without immersing them in 


water ^ It was early adapted to sterilization 
of hospital supplies and is still used in re- 
mote places As shown in figure 30, it con- 
sists of a steam generator fed drop-wise 
from a reservoir The steam rises upward 
through the sterilizing chamber and escapes 
through the loosely fitted door into a jacket 


ARNOLD STERILIZER 


Storilizlng chamber 




Fiouke 30 


'DAr-nr, W L Importinrc of More Adequite ’ Maoath, T E The Hi^iory of Stnm Sicnlizntion, 

S(en)i/ ilion Pro"'‘’'"*'i in Ilo'ipitnls, /iult Am Coll Sur/j , Ann Med Ihst , 0 33H~344, 1937 

1C 11, 1932 
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EQUIPMENT FOB USE OF SATURATED STEAM UNDER PRESSURE 




PrmuFt go9« 




Fktom 31 


formctl by the cover Here, it condenses 
and the condensate dnps bade into the 
reservoir 

Flowing steam ba< the limitations m 
^^Q^t m the use of boiling %vatcr The 
niaximum temperature attainable is 100*^C 
iiod, accordingly, it destroys vegetative or- 
E^cisnu only Unless skillfully used, textiles 
^excessively moist when removed from an 
Amdd Sterilizer It is suitable for the dis- 
infection Only of «ma11 packages because 
^ quantity of steam available is usually 
too small to permit the prompt penetration 
of large pack a ges. The minimum period 

[ 


for sanitization is thirty mmutes* exposure 
after the condensate dnps from the jacket. 

SANTTOATION BY IVATER VAPOR 

Commcraal processors sometimes utilize 
steam under pressures less than atmosphcnc 
to samtizc products hkdy^to be mjured by 
beat. The tcchmc calls 1^ vacuum equip- 
ment capable of rcmoiung most of the air 
and a mwirn for admitung water vapor 
under carefully controlled pre ss ure. The 
process is comparable to pasteurization m 
the penod of exposure and temperature 
used Supcrhcaimg must be guarded against 

'] 



CENTRAL STEAM SUPPLY 




VAPOR PRESSURE CURVE FOR WATER 



Fiourz 33 

because it robs the steam of its bacrtcnadiil 
pro p erties. Qothing, bedding, shoes, and 
the like arc qni nyi»d by this technic m 
some hospitals for communicable disease. 

SATURAITI) yrHAM U^T)ER PRESSURE 
Saturated steam under pre ss ure has be 
come the umvcrsal genmade for textiles. 
Spccifll equipment is necessary for its suc- 
cessful use. The autoclave and the “pressure 
sterilizer” or dressing sterilizer arc t>'pes of 
equipment ^^'hlch have been developed to 
use saturated steam. The autoclave is 
®™ply a pressure tight vessel, usually up- 
right, m which steam can be generated 
tmder pressure. The pre ssm *e cocker is a 
good example, figure 31, 7 Heat is applied 
to the outndc of the cooker by means of an 
chetne, gas, or oil heater and it generates 
*tcam from a «mall quantity water, 
initially put bdmv the tnvet “Hexscal” 
“Presto ’ arc trade names of domestic 
that can be used as sterilizers. 

The office itcnlizcr illustrated m fig 
ttre 31, 2, 13 an adaptation of the pre ss ure 


wrrmo effect of saturated steam 
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cooker Heat is applied directly to the sten- 
hzer Figure 31, 3, shmvi a t^'pe of pre ss ure 
sterilizer where the heat is applied remotely 
and the steam cames the energy to the 
stcnhzer Figure 31, 4, show's a dressing 
sterilizer where the steam is generated m a 
boiler, usually in the basement, figure 32. 
The steam is first mtfbduced mto the 
jacket to heat the chamber walls and thus 
prevent condensation on the inner wall of 
the stcnlmng chamber 

Several factors have established saturated 
steam as a reliable microbiadc. It is a ph^m 
cal entity with properties ^vhIch can be 
measured readily Anyone ran determine 
the microbiadal quality of the steam m a 
sterilizer merely by rcadmg a thermometer 
and a pre ss ure gage. The term “saturated 
steam” means that the steam exerts the 
maximum pres sure for w-atcr v'apor at the 
given temperature. The steam, therefore, 
13 in a state lying oo the boundary betiv’ecn 
tivo phases of aggregation, liquid (water) 
and vapor (steam), figure 33 * The shift 
one state to the other entails a rcla- 

* PZARODY C. H. TtiUj •/ Pnprrtus SU^ tad Ofifcr 
Vmp«Ts nd Tmptrwtm T^Ua. New 'VariL. John 

Wner aod Snrrt, 1910 8th Edltua. 
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Density— Kilograms per Cubic Mater 


DENSITIES OF AIR AND STEAM 



Figure 35 Walter ^ 


tivcly large exchange of energy In the range 
of temperatures and pressures ordinarily 
used for sterilization, 524 gram calories of 
energy must be exchanged for every cubic 
centimeter of water taking part in the change 
of state 

The readily available store of latent 
energy which is liberated simply by a shift 
in state is of enormous advantage to a micro- 
bicidc because it permits rapid heating 
without a drop in temperature locally On 
contacting cold objects, saturated steam 
condenses, simultaneously heating the ob- 
ject and wetting it, providing both requi- 
sites for thermal destruction of bacterial 
life — moisture and heat 

The wetting effect is well illustrated by 
figure 34 which shows a 6% increase in 
weight of three laparotomy kits due to 
condensate which is deposited as they arc 
heated from room temperature to steri- 
lizing temperature by saturated steam at 
121°C The data were obtained on a 
recording scale from which the bundles 
were suspended in a sterilizer during routine 


sterilization. The water of condensation 
moistens the textile fibers and the bactena 
and permits sterilization at relatively low 
temperatures. Steam sterilization is often 
thought of as a dry process because the 
fabric is dry when removed from the 
sterilizer. The reason for this is illustrated 
also When the steam is released from the 
sterilizing chamber, the water of condensa- 
tion in the textile evaporates, leaving a 
residual of but 15% after thirty minutes. 
Much of this drying effect is due to the fact 
that the condensate and the textiles are at 
121°C under 1500 mm Hg pressure when 
the latter is reduced to atmospheric pres- 
sure by venting the steam. This sudden 
drop in pressure forces the condensate to 
vaporize until sufficient energy is dissipated 
to cool the textile to 100°G where water can 
exist in equilibrium with vapor at atmos- 
pheric pressure The dehydrating effect due 
to vaporization caused by relievmg pressure 
can be followed on the vapor pressure curve 
for water, figure 33 

Saturated steam penetrates textiles readily 
for two reasons 

1. Steam is less dense than air This can 
be seen from figure 35,® which illustrates 
what happens as steam is forced into a 
closed chamber full of air Both the steam 
and air arc compressed as the pressure 
rises and they become more dense Through- 
out the compression, the air is approxi- 
mately twice as heavy as the steam Mixture 
does not occur readily and the air stratifies 
on the bottom of the sterilizing chamber 
Steam displaces the cold, heavier air from 
the interstices of textiles by convection 

2. Abstraction of heat from steam causes 
a change in its state with a simultaneous 
99% decrease in volume This sudden col- 
lapse in volume results in the instantaneous 
development of local areas of negative 
pressure at the cold front These areas 
hasten penetration because more steam 


C W “A Reliable Control for Steam 
Itcrilization ” Gynec (S Obst 67 526—530, 1938 

ly permission of Surgery, Gynecology CS Obstetrics 
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bearing its load of latent heat rushes m to 
o v ercome the knv pressure, contacts cold 
surfaces, anrl m turn condenses. Thus, 
pcnctratioa by steam is a self perpetuating 
process which contmucs as long as steam 
can contact colder objects 
The quantitative aspects of steam stcrih 
ration arc illustrated in figure 36 The 
latent energy from 865 cc, of steam is 
needed to heat a size seven surgeon’s glove 
weighing 13 6 grams to sterihzmg tempera- 
ture. As the steam contacts the cold glove. 
It condenses to form 1 cc of water which 
wets the surface of the glove The other 
864 cc. of space previously occupied by the 
steam arc momentarily empty and arc 
imtandy refilled by more steam. Figure 34 
considcn the pro c ess as static for purposes 
of illustration, in rcahty, it is progressive. 
The collapse m volume at any instant is 
minute but none the less cfiecuvc. 

Saturated steam destroys dry resistant 
ipcirca upon relatively short exposure. The 
actual period necessary depends upon the 
tonperature of the steam as portrayed m fig- 
ure 37 ‘ Raising the temperature marfcedly 
decreases the exposure required Several 
temperatures have come mto common 

W D 'Itie Lftprl thmlr PJihm- nf Thf^ rrul 
I>adi Tuae Comi, J Du^ 29i52S-536, 1921 
* Oumi,M..KArtaS’dbacflhifmItiin;cwehaUch wider 
PinHrtH ggi Sporen, f *. biftkttMMsh^ 3i J22- 

’ UiQciL, P and Iatteaix, E. De U rfdifanrr da 
^**** da ba et tria aox temp faat ur a bmnlda 4gala ct 
»I*fcnra 4 lOCT dw. i wotnt 7ill0 158 and 205 
1895 

' Nam, E. Botanlicbe Bacbrdban^ dnlger iporen- 
UUaiden Biteriea, eVafraW / Bskt IIAbc, 12il 161 
137 539 19M 

*Eiao, 0 Ueber die Tempcrtturmaiima der SporeD* 
krimnig and dcr Sparenbildnn^ Kjwie die Kipr a maxl 
TOtangndtai dcr Sporen dcr Batten eo, auch 

imt tvTh|.n T fm p i-i' f tiiniiintfna^ CnbWW J 

*^nAbc,Ui97 1905 

P * S baklv E. On the Heat Resistance of Bactorial 
with a Cn c itdua tkp of the Nature of Spore-Uke 
In RarUhis Tubereuloau AQled Forms, 
firr Cmwit, Scria HI 9il21 1915. 
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usage. Saturated steam under 750 mm. 
Hg gage preasure with a temperature of 
121*‘C is the most widely used microbiade. 
It destroys most resistant dry spores m 
thirteen mmutes 

Saturated steam at and 1150 mm. 
Hg gage pressure is used m some hospitals 
under the mistaken idea that an abundance 

'^Boghaham R. £., Taounen G E., Out, P F uxl 
Bauerr JL Xi. Notts on Coodldons tVhkh Ittfiucnce 
Thennal Death Hslnts, AitU B^cS^ 2i5 1916 (Proc. Son. 
Amcr BactcrloL) 

° Dtmacn £. CL, Boaez, G S and tVAu>, E. 5 
BotuDam A Studf of the Resistance of the S pu r a of 
BaciDus BotnHnus to Varbws Sterilizing Agencia Which 
Are Cooimanly Euiphi^td In the running of Fnihs and 
Vegetables, drcL Sti58I 1919 

“ BnmcTW IV D and Erry J R. The Thermal 
Death I\:fnl in RHarioo to Time of Typical ThennophlQc 
Organiimi, J Uftci Du^ 27 602, 1 9^ 

M Waas, H. The Heat Resistance of Spora with 
Special Ref er en ce to the Spora of B. BotuUmis, J I^kL 
ftx, 28 70^ 1921 

" Dkxsow E G BoaJi, G S., Btex, D., Jobwtt c ct J 
and Kd«q H. Studkt on the Thmnal Death Point of 
Spora of Qoatrkfinm Botulinum, 79 1239- 

1240, 1922. 

“TAKKra, F W and XfoCazA, F D Gostridhim 
BotuBnum. IV Resistance of Spora to Moist Heat, 
J Bad., 8j2fi9-276, 1923 

® TAiotra, F W and Daoc, O XL Qonrldiam 
BotnHomn, .7 IuftcL Du^ 31:92-100 1922. 

" Errv J R- Heat Resistance of B, Botulinta Spcao, 
Am.J Pa* ISjlOe-in 1923 
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of hftiii L oTs.entbl for stcnlizadon. The 
onl / advantage of oteam at thjJ5 temperature 
T the .Torter Jeihai period of bJx minutes. 
7Te d^truetive action of the steam on 
rubber and textile h enhanced too much to 
ju thy ihh saving m time. 

]'or em'^rgency sterilization of instru- 
ment, a short lethal period, tv/o minutes’ 
cxjsosure of the least accesdble spore to 
saturated .^team at 132^C under IdOO mm. 
J-fg gage pressure, L advanmgeoa). 

One la-;t advantage of ;>arurated steam js 
tha t it d<'>e . no( destroy most opera < ing room 
rupplie^ v.hen it is used properly. In fact, 
deterioraiion i> not exersi'^e, as is demon- 
slrat^id for tc'Xtilc'^ in figure 38. 

Dr^pite ihe outstanding advantages v/hich 
,eem <o rnahe j>aturated steam <hc ideal 
rnicrobicide, ih^re are limitations v/hich 
d'y.T^^ e or nullify its cfi:ecii%"me'’>. 

if a volume of ‘■aiurated ;U^m in v/hich 
there i> no liquid .vafer i^ iKiated, its tem- 
jxrature incn^i,/* al/o/e that characteristic 

•'/I'" J D'ut 'll/ P'i 'hr f Chtr , 22X 2S- 

7), r//.). 

7, J /lA Ui/iJJJi, Ct J"’ it'-rnwl 
J/'Sl'iPf; ^A'/"sAl^i!n'iKUlil, J, frjet JJis , 

-CC r/3i. 


DETERIORATION OF TEXTILES 
DUE TO LAUNDERING AND STERILIZATION 



of Steam at tlic phase boundary and it is 
known as superheated steam In figure 33, 
superheated steam lies above and to the left 
of the vapor pressiorc curve. The difference 
l>etwccn ;>aturatcd steam and superheated 
steam is striking. When steam is super- 
heated, its microbicidal power is dimin- 
ished. When superheated sufiiciently, it 
chan> textiles. As a rnicrobicide, it difiers 
from saturated otcam because it has lost the 
property of lil/erating latent energy when 

« Mwj'A/, T. j 77i'*r»wl D-mUj Pojnt, Sjwres of 

Ji^iCjJJus Aniijraois, y /«//-<:< Dis , 'i'iA57A67, 1931 

M K. l^J-rr/iaJ D'^Ui Point, Sporos of 

Clvtrj.(3jum W» IcSjj, J ////."a ///^ , 48 J!^3J 

Von L'^nfi'on, 1. Dj- d-unfioir' ado Wjrtuos 't-* 
tlrS;n-nd';j fi\x rhiiyt' n Dnnpf''^, ^tsrhr f IJ)Z A/i't- 
/wwUr , 4 197-79 A, 1888 

** / ; I'j.M ! IJ JJ- vor D-jjof' kUoo /mt WaESor- 
'1imp^,yj.rhj f Uy- u hfrhi'mh , 0A92, 1790-91 

~-'/o 'J /,jr J'lio'jn'; 'i'^r Ddinjjf'i'XiA'^tion, 

ll_,z nwli'hrju, H 721, 1898 
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SUPERHEATING CAUSED BY HOT JACKET 


SUPERHEATED STEAM AS A MICROBICIDE 



bittU SMom Can^grod* 

Fhjure 39 Saoei« ** 

It contacta cold objects Hence sup>crheated 
itcam IS no more effective than hot air ***•• 
untJ It cools to the temperature charac- 
teristic of saturated steam, at which point 
It regains its original physical and bactena 
dal properties. 

Figure 39 ** presents d i agrammatically 
the effect of superheat on the microbiad^ 
povser of steam. The phase boundary is 
represented as a straight ime, w'hflc points 
to -the left and above it represent various 
degrees of superiieatmg The crosses mdi 
cate positive cultures the dots, negative 
cultures exposed to superheat of the varying 
degrees indicated Note that minor degrees 
of superheating arc not senous from a 
hactcnolc^c pomt of viciv but, as will be 
®ccn later, superheated steam destroys tex 

tile* 

One common cause of superheatmg is the 
teamtcnancc of a higher pressure, and hence 
temperature, in tlw sterilizer jacket than 
m the chamber The hotter jacket adds heat 
to the saturated steam m the chamber dnv 
ing it away from the hquid vapor boundary 

* Savaoi, R. M, Fj-prtHmmrt ao tbc StolBxiog 

^ccti of Mlnura of Steam and of Saporbeated 

J Pittrm. Qt PUmmni^ 10t45l 1937 



Fhjtoe 40 


and changing its properties. In one hospital, 
for example, a steam press ur e of 4450 mm. 
Hg gage pressure and 157®G ivas earned in 
the jacket, while steam under but 750 mm 
Hg gage pressure was admitted to the 
chamber, figure 40 Superheating of 36°G 
resulted m rapid destruction of textiles of 
the outer layers of packages, ivhilc spores 
survived m the center, chiefly because of 
the poor pcnctratmg pmver of superheated 
steam. 

Superheatmg also occurs because of the 
physical properties of textile fibers As can 
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ABSORPTION OF WATER 
BY SODA-BOILED COTTON 



Relative Vapor Pressure 


Figure 41 Urquhart & Williams ^ 

be seen in figure 41,^^ textile fibers adsorb 
moisture As this moisture is bemg adsorbed, 
latent energy is liberated which must be 
dissipated by heatmg the environs 

When a laparotomy kit, made up of 
textiles whose fibers are saturated with 
moisture, is heated from room temperature 
to stenlizmg temperature, its weight m- 
creases roughly 6% The mcrease m weight 
of a laparotomy kit weighing 8 5 Kg is 
due to the deposition of 5 Kg of water 
throughout the fabnc by condensation of 
440 liters of steam which flow mto the 
bundle to heat it In figure 43, 7, the jug 
containing 516 cc of water represents m 
terms of condensate, the energy exchange 
necessary to heat the bundle to sterilizmg 
temperatures 

Extreme superheatmg occurs when fibers 
are “preheated” by putting them m the 
sterilizing chamber while steam pressure is 
maintained m tlie jacket The fabric is 
heated to the temperature of the jacket and 
is also desiccated When steam is subse- 
quently admitted to the chamber, the 

” URQ.UHART, A R and WiLLiAiis, A M The Effect 
of Temperature on the Absorption of Water by Soda- 
boiled Cotton, J Text Inst , 15 T559, 1924 


SUPERHEATING OF PREHEATED TEXTILES 

tTK. _ 



Time in Hours 


Figure 42 , 

thirsty fibers adsorb water from the steam, 
liberatmg latent energy, all of which must 
be dissipated by superheatmg the preheated 
fabnc The temperature of the fabric 
reaches the charrmg pomt and spontaneous 
combustion may occur when air strikes 
such fabric upon its removal from the 
sterilizer 

When a laparotomy kit is preheated, 
its fibers are desiccated and the energy 
exchange is no longer determined bv the 
need for heat but rather by the thirst of the 
fibers Fibers of textile, which have been 
laundered repeatedly, may extract 22 % of 
their dry weight of moisture from the steam 
surroundmg the bundle, thus liberating the 
latent energy from 1 5 Kg of condensate 
This IS represented m figure 43, 2, by the 
jug containmg 1540 cc of condensate Be- 
cause the textiles have been preheated to 
stenhzmg temperature, the excess energy 
must be dissipated by superheating as shown 
in figure 42 The charred wrappers seen m 
almost every operating room are mdicative 
of this fault in sterilization 

Lesser degrees of superheating are caused 
by putting anhydrous textiles mto the sten- 
hzer Such fibers may absorb as much as 
22% of their dry weight of water and 
liberate excess latent energy which super- 
heats the textiles The amount of energy 
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TEMPERATURE OF AIR-STEAM SYSTEMS 


HEATING EFRCIENCY OF STEAM 



Figijr£ 44. Beny ^ 

dissipated as superheat is represented as 
condensate by the 508 cc. difference be- 
t^veen 516 cc produced under normal 
sterilizing conditions and the 1024 cc 
formed -when dehydrated textiles are steri- 
lized, figure 43, 3. 

The cumulative effect of such superheat- 
ing can be demonstrated readily. Identical 
samples of textiles -were sterilized simul- 
taneously titice "weekly during the fall and 
^^inter months %vhen the humidity in 
heated rooms is lo^v. Half the samples were 
laundered along "vtith controls immediately 
preceding sterilization The textiles which 
^'.■ere laimdered (hydrated) immediately 
prior to sterilization lost 50% of their tensHe 
strength after seventy tnps through the 
laimdty^ and sterilizer, figure 38. Samples 
^^-hich were sterilized repeatedly ^^athout 
laundering (dehydrated by exposure to dry 
air) lost 73% of their tensile strength. 
Samples -which -were laimdered only, as 
controls, lost but 20%. Smce 18 Kg. repre- 
sents the limit of utility for sheeting, the 
laundered samples have more than tirice the 
life of those that are simply restenlized 

Studies attempting to correlate the loss 
in tensile strength \rith the duration of 
exposure revealed that some deterioration 
of textile fibers occurred each time the 
fibers ivere heated; that prolonged exposure 



Figure 45 Warren Webster Company,^ Waller^ 

damaged the fibers but httle more Using 
fireshly laundered (hydrated) textiles, there- 
fore, is economical because it avoids super- 
heating which causes chamng and early 
destruction 

Another cause for superheating is the 
technic of drai\dng an initial partial vacuum 
to rid the stenhzer of some air The vacuum 
itself desiccates the fibers and, in addition, 
the load is necessarily preheated during the 
mterval ^vhile the vacuum is bemg drai\n 

Superheating also results from the custom 
of heatmg a load qmckly by using steam 
imder 1150 mm Hg gage pressure and 
then dropping the pressure to 750 mm. 
Hg gage pressure during the sterihzmg 
period. 

A second limitation of saturated steam as 
a microbicide is that air retards or prevents 
sterihzaUon in several ways Air-steam 
mixtures do not develop the temperatures 
characteristic of saturated steam under the 
same pressiue, hence, killing power u 
decreased This depression of temperature 
is sho^^n m figure 44 ^ven after the 
removal of one third of the air by drawing 
a 510 mm vacuum pnor to introducing 
steam under a" pressure of 1540 mm Hg, 
the temperature of the mixture of residual 
air and steam is but 105°C instead of 121 °C 


~Berpy, C H. Air and Water Vapor Mixtures 
Personal communication, 1939 
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PENETRATING POWER^STEAM VERSUS AIR 



Fiouhe 46 fyaittr * 


which, la characteristic of saturated steam 
under the same pressure 
The heating cffiacncy of air steam mix- 
tures u Ion>vcr than that of saturated steam, 
a fact that is particularly important m the 
stcrfliration of instruments or solutions 
Figure 45 ” shows the effiacncy of saturated 
steam as 100% As air is mtroduced into 
the steam, this efBaency is markedly dc 
creased because the thermal capaaty of air 
IS low compared with that of the steam 
where 81% of its energy at 121'’C is m the 
form of latent heat 

Air reduces the penetratmg power of 
fftcam because it prevents the convection 
cf steam into bundles and the Uberation of 
latent energy in the depths of a bundle 
In a stcriliaer where air is present, heating is 
pnnapally by conduction. Figure 46 con 
trasts the power of pcnetratioa by steam 
compared with mixtures of air and steam or 
hot an alone The curves were obtamed by 
recording the tune and temperature rcla 
tionship m the center cf identical 40 cm. 
cube* of folded mushn It toede nine hours 
lor the mixture of air and steam usually 
encountered in an air bound sterilizer to 

• Quut axinoy W*mn Wcb*w Coenraay 

" Mokdil, O Irtw die Bcdeutimg der Loft fDr den 
Wlnnqfing bd da- DaenpfaeriUgrifm, /rot / Hjy 
117i28S-296, Fcbruiry 19^7 


stratified air protects bacteria 



heat the bundle to a maximum of 107®C. 
Hot air at the same tanperature heated the 
test bundle m twenty four hours, while the 
saturated steam penetrated the cube in 
only four hours. 

Air prevents mechanical contact between 
steam and bacteria because the air is more 
dense, it gravitates toward the bottom and 
effectively protects organisms against steri- 
lization as 13 shown m the longitudinal 
section of a stcnhzcr m figure 47 

A third hmitation is that oil or grease 
converts each spore mto a miniature dry-air 
oven by prcvctiting the access of mois- 
ture.*^ n. o These substances, therefore, pro- 
tect bacteria against the rapid microbiadal 
action of steam. 

A fourth limitation concerns sanitary 
plumbing, figure 48 Because the steam is 
under pr es sure, improper plumbing is more 
obvious than m the nonpressure sterilizer 
and is usually co r re c ted There arc several 

** HoiMAM W L. and Caskt* A. E. Technical 
Erron la Studlea at BieteriAl Vcrgtkn “MetUDoephotu 
of StrcptDcoccd mto SpwrcJxarlng Rod*," J Du^ 

5C 165-195 1935 

** Ec xfn , E. E. and Swrni, R, Sterilizing Surgical 
In*trun>ent* and Utctail*, A/W H«^.,48i92,March, 1937 
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SANITARY PLUMBING CONNECTIONS FOR STEAM STERILIZER 


Air and 

condonsato 

discharge 



Drip from vent 


Sterilizing chamber 


Negative pressure 
can only aspirate air 




condensate ’ 
discharge 


Back pressure- 


INCORRECT 


Figure 48 


Air break ’ 


Waste splllE 
on floor 


Waste trap 


Jfl 

Bock pressure 


CORRECT 


DESIGN INFLUENCES STERILIZER EFFICIENCY 
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POSITrVE CIRCULATION OF STEAM 




Fcouke 50 


points, hcrwever, which may easily be over- 
loolced There should be an air break be 
tween the steam stcnlizer and the dram 
because negative pre ss ure frequendy de- 
vdops m a steam stcnincr as it cools, and 
leaky valves or improper operation can 
permit the aspiration of the contents of a 
drainage trap into the sterilizer Back pres- 
lurc m the waste Une may flood such a 
stcnlixcr with waste Perhaps a more com- 
mon cause of contamination of stcnlc loads 
IS improper installation of vent pipes, par- 
Uculariy where more than one sterilizer is 
serviced by the same vent stack- Condensate 
from the vent stack has been found dribbling 
back mto the chamber of dressmg stcniizcrs 
which arc cooling Tlus is one of the causes 
of wet drcssingi 

A fifth limitation of steam is inherent m 
the design of individual types of stcrflizcrs. 
Several important items should be con- 
*Klcrcd when cnticizmg the design of a 
*tcrilizcr Ihc steam should other be 


admitted at the top of the stcnlmng cham 
ber or provision must be made whereby 
steam can readily reach the top of a loaded 
sterilizing chamber ” A baffle should be 
located over the steam port so that the 
steam docs not cause turbulence as it enters 
the chamber to interfere with the normal 
stratification of the steam and air Because 
the denser air layers arc at the bottom, the 
air discharge must be located at the lowest 
pomt m the stcnlmng chamber Tlicse 
points arc obvious from inspection of 
figure 49 

A leas obvious fault to be looked for is the 
failure to provide positive circulation fi:om 
end to end of a sterilizer When the steam is 
admitted at the same end of the sterilizer 
as the air discharge, ovcrloadmg may tnakr 
a cul de sac of the rear of the sterilizer, 
figure 50, 7 This difficulty can be obviated 

** FitOKn, P and CiAUPotAQa, A. Ueber dat Ver 
haltco do Waaodainpfa Im 

/ Hff a. 9il83 1690. 
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FAULTY DESIGN RETARDS STERILIZATION 



Time in Minutes 


Figuw: 51 

simply by locating the steam port and air 
discharge at opposite ends of the sterilizer, 
figure 50, 2 O'he temperature of the bundle 
m figure 50, 7, has been plotted in figure 51 
G^ntrast this graph with that in figure 52 
which depicts the temperature relationships 
in figure 50, 2, where improved design aids 
sterilization 

Recall from figure 33 that the quality of 
saturated steam can readily l^e ascertained 
by determining its temperature and pres- 
sure Most sterilizers arc fitted with ade- 
quate pressure gages but some sterilizers 
have no thermometer at all or it may be 
located improperly To give accurate in- 
formation regarding the quality of the 
steam being used as a microbicidc, the 
thermometer should be located m the lowest 
part of the chamber and should have no 
valves between it and the chamber 

It has been customary to connect the 
steam trap draining the jacket of dressing 
sterilizers with tlic steam return line, fig- 
ure 32, so that condensate ls returned to the 

[ 


boiler to conserve the small amount of 
energy m the condensate This practice 
has several disadvantages from the point of 
view of foolproof sterilization It puts the 
sterilizer at the mercy of improperly func- 
tioning steam apparatus located elsewhere 
in the hospital, becaase a high back pressure 
in the return line prevents the proper drain- 
age of air or condensate from the jacket. 
Frequently, condensate from the return 
line IS aspirated into the j'acket as the steri- 
lizer cools Under these conditions the lower 
walls of the chamber are likely to be cold 
and wet because the cold condensate or air 
trapped m the jacket prevents heating In 
sterilizers where the steam supply is con- 
nected to the bottom of the jacket, this 
fault IS quickly apparent When the steam 
IS admitted to the jacket m which conden- 
sate pools, condensation occurs and the 
sudden collapse in volume sets up a loud 
water hammer As condensate collects dur- 
ing sterilization, a boiling sound is produced 
by steam bubbling through the hot water. 
The difficulty can be eliminated readily by 
arranging the jacket trap so that it dis- 

PROPER DESIGN AIDS STERILIZATION 
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] 


Figurji 52 





charges directly into a waste funnel, fig 
urc 53 It may be argued that this is un- 
ccoDomical but sterilizers are installed to 
utilize the microbicidal action of steam and, 
hence, sterilization must be considered an 
end use for steam. The conservation of the 
small amount of condensate is unjustifiable 
if It mtcrfcrcs with the purpcec cf the sten 
lizcr 

Fortunately the lumtations of saturated 
rtcam as a itcnlizmg agent can be over- 
come readily The removal of air is the only 
point that requires detailed discuasioiL Air 
IS a constant hazard wherever steam sten 
h^rs arc used because human factors de 
tcnmnc whether the mechanical provisions 
for air clearance arc successful Air can be 
I'cmovcd by pumping it out This method 


IS improperly utilized by those who draw a 
partial vacuum as the mibal step m sten- 
hzaOoiL This custom 13 useless because only 
one third of the air is removed and the 
residual two thirds arc suffiaent to mtcrfcrc 
with sterilization, figures 44 and 45 The 
cost of pumpmg out most of the air is im 
justified because the physical properties of 
an- steam mixtures afford a more direct 
approach to the problerm 
The fact that air is twice as heavy as 
steam and docs not mix readily with it is the 
key to reliable air clearance,** ** ** The 
heavy air gravitates to the bottom whence 
It escapes through any onficc just as water 

M ErUlrung do" Derinfcc uorakf aft da 
W«Mcrd*inpfa, 3i&M-638 ISSS. 
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EFFECT OF AIR ON CHAMBER TEMPERATURE 



Figure 54 Walter^ 


runs out of a bath tub when the dram plug 
IS removed A useful analogy is that shown 
in figure 55, 7 An ordmary fish aquarium 
fitted with an air ejector portrays accurately 
w'hat occurs as steam is admitted to a 
sterilizer The water, representmg the air 
which mitially fills tlie sterilizer, is heavier 
tlian the steam, represented by the air 
overlying the w^ater m the aquarium, and 
stratification occurs As steam rushes m, it 
layers over the cold heavy air, forcmg it 
dowmw^ard and outivard through the air 
ejector, figure 55, 2 The analogy is useful 
for analyzmg many problems w^hich arise in 
stenlizmg practice Any contamer m which 
water pools m the aquarium will also trap 
air m a sterilizer, so the analogy can be 
carried one step farther as shown m figure 
55, 3, 4, where the only vessel which clears 
air promptly is the horizontal beaker In 
the upright beaker, it is obvious that air 
IS trapped, m the mverted beaker, air 
clearance is delayed until steam creeps 
around the edge, as m the familiar poultry 
drmkmg fountam, to replace the air 
Just as obwously, but often overlooked, 
air IS trapped in hermeucally sealed con- 
tamers The tightly corked bottle, the 


tightly capped jar, effectively protects its 
contents against sterilization If dry bottles 
are to be sterilized, they must be positioned 
as shown m the analogy to assure air 
clearance, m figure 55, 3 

The detrimental effect of air on steam 
sterilization is illustrated m terms of actual 
temperatures attamed m an autoclave (un- 
jacketed type contammg one cubic meter) 
mto which saturated steam was admitted 
imder 750 mm Hg gage pressure The air 
which mitially filled the chamber was re- 
tamed by closmg the air exhaust line 
Thermocouples (7, 2, 3), located as shown 
m figure 47, measured the temperature of 
the air and steam system at the respective 
levels indicated The fighter, hotter steam 
( 45 cu m ; density 1 17 kg per cu m ; 
temperature 115°C) layered over the heav- 
ier, colder air ( 55 cu m , density 2 17 kg. 
per cu m , temperature 54°C) which was 
compressed mto the lower half of the cham- 
ber, figure 54 

Such a stratified system mamtams itself 
ibdefinitely unless convection currents are 
established In this experiment an electnc 
fan was used to create a homogeneous mix- 
ture at 107°C The fact that stratification 
recurred as soon as the fan was stopped is 
of great importance for sterilization because 
it illustrates that air and steam do not form 
a stable mixture This explains why air can 
be removed from a sterilizer, yet, paradoxi- 
cally, It remains trapped m an uncovered, 
upright contamer m the otherwise air-free 
chamber 

When the exhaust fine was opened, the 
air was displaced by forcmg steam mto the 
sterilizer under pressure The completeness 
of the air ejection is shown by the tempera- 

“ Walter, C W Aseptic Technic — The Stenlization 
of Dressings and Dry Goods, InUmat Abslr Surg , 71 414, 
1940 By permission of Surgery, Gynecology & Obstetrics 

^ Kovrich, Heuse, Glvs and Kunert Ubcr Damp * 
sterilisation rait Luftabschcider, J^tschr f Hyg u Injff- 
tionskr , 117 1-6, 1935 
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WATER ANALOGY 


OF STEAM STERILIZATION 


( 



DRESSING CAN AND DRUM 




turc at the bottom of the chamber which 
rose to 121°C and indicated that saturated 
steam under a pressure of 750 mm. Hg 
gage pressure filled the entire chamber 
The importance of providing a horizontal 
path for air escaping downward and the 
reliability and effectiveness of gravity air 
clearance are well illustrated by this graph. 

Two factors influence air clearance. There 
must be a horizontal path for the escape of 
air from impervious containers, The hospital 
dressing can illustrated in figure 56, 1, is 
analogous to the beaker when put in the 
sterilizer in the upright position — it pools 
air. To insure rapid stciilization, it must be 
placed on its side in the sterilizer with its lid 
off, figure 56, 2. 

The .second factor is that the path for the 
escape of air must be sufficiently large to 
permit rapid interchange of air and steam 
At the right in figure 55 is an analogy of a 
hospital dressing drum Two petri drshes, 
fused together about the pciiphcry, rep- 
resent a dressing drum. The area of the 
holes at the top and bottom bear the 
same relation to the volume of the petri 
dishes as the holes about the pciiphery of 
a dressing drum, figure 56, ?, bear to its 
volume. The delayed aii clearance is obvi- 
in the aquarium. Figure 57 illusliatcs 


that steam must have free access to packages 
to insure rapid, dependable sterilization. 
Metal containers limit the surface of the 
package exposed for the interchange of air 
and steam and may retard sterilization 
This IS illustrated by the heating curves of 
rolls of sheeting 12 cm thick by 45 cm. in 
diameter. One was wrapped in four tliick- 
ncsscs of muslin; the other was enclosed in 
the conventional dressing drum Both were 
placed in the sterilizer on edge. The perfora- 
tions about the periphery of the drum were 
open The chambci temperature rose to 
stciilizing level in twenty minutes The 
mushn-wrapped loll was penetrated in 
sixty-fivc minutes, while the roll in tlic 
dressing drum was not heated throughout 
for one hundred seventy-five minutes. The 
limitation of area available foi the inter- 
change of ail and steam to the perforations 
about the periphery of the drum was 
icsponsiblc for the delayed penetration. 
Metal dicssing drums arc expensive, noisy, 
and cumbersome They contribute little to 
a.scptic technic and should not be used 

A test for air clearance is essential for the 
.safe operation of a steam sterilizer. For- 

” Mii'_ssN('n, H , .Scriooi', G. and Harms, F Vw- 
bandstofTstt nlisalion im Autoklavcn, Z^ntralbl J » 
1937 
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tunatcly, such a test u applied readily 
Figure 33 defines the physical properties of 
saturated steam and makes its identifix^tion 
easy A pressure gage attached to the 
ftenlizmg chamber gives a pressure reading 
A thermometer located m the lowest pomt 
of the chamber yields a reliable temperature 
reading because, as sho^vn m figure 54, any 
free air m the sterilizer alu'ays gravitates 
to the bottorcL Unfortunately, the measure- 
ment of temperature is not applicable unless 
the articles to be sterilized have been suit- 
ably packaged and the itcnkzcr properly 
loaded because from the water analogy, 

■ KoKUtT H Vcrtaming der Bctriclxxdt bd dff 
Djrrtpfiterilmtioa mlt rjrfuha rhrVW J IJji k. 

116i295 19^ 


figure 55, it IS obvious that fiw air can spiU 
out of the sterilizer but air may be trapped 
in impervious contamers or faultily ^v^apped 
packages 


01SSS1N0 DRUM HINDERS PENETRATION 
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CHAPTER Vni 


THE CONTROL OF STEAM STERILIZATION 


Every surgical operation is an experiment in bacteriology 

— Arthur Tracy Cabot’ 


The routine control of steam sterilization 
requires the integration of nine factors 
which influence the efficacy of the process. 

1 The period necessary to heat the larg- 
est package throughout must be known 
This can be controlled by establishing a 
standard size, shape, and mternal arrange- 
ment for the largest bundle of dry goods as 
described in Chapter X Wlien steriliza- 
tion IS stricdy a surface phenomenon, as in 
the sterilization of instruments, other factors 
influence the length of exposure, as detailed 
in Chapter XI The period required to heat 
flasks of solution to sterilizing temperature 
is discussed in Chapter XVIII 

2 The sterilizer must be loaded to pro- 
vide a horizontal path for the escape of air 

3 The quality of the steam used in the 
sterilizer must be determined Tlic tem- 
perature of the fluid in tlie exhaust line 
indicates whether air, steam, or a mixture 
of tlic two occupies tlie lower portion of tlie 
sterilizer If the chamber pressure is 775 mm 
Hg gage, the temperature in the exhaust 
line will rise to 121°C when saturated steam 
has displaeed the air and fills the chamber - 

' Quoted by Walker, I J , in SuTg , G^ti ct, 0^,60 275, 
1935 By permission Surgery, Gynecotogy & Obstetrics 

- Walter, C W The Stenlization of Dressings and 
Dr> Goods, Internat Abstr Surg ,71 414-419,1940 By per- 
nussion of Surgery, Gynecology G? Obstetrics 


The temperature is best measured by an 
indicating thermometer eitlier of tlic mer- 
cury or bimetallic type installed m tlic air 
exliaust line If tlie exhaust Ime is properly 
designed, the tlicrmometer mdicatcs tlic 
temperature of tlic fluid m tlic chamber 
promptly and accurately Figure 58 illus- 
trates two types of tliermomelci's commonly 
in use The type shown m figure 58, 7, is 
usually installed witli instructions to begin 
tlic stcnlizmg cycle when tlic tlicrmometer 
reaches the 115 5°C level This apparent dis- 
crepancy is due to the design of the air exhaust 
line which precludes the immediate develop- 
ment of 1536 mm Hg pressure about tlic 
bulb of the tlicrmometer and so the indi- 
cated temperature lags that in die chamber. 
Sterilization is actually done by steam at 
121°C, hence, the thermometer reading is 
deceptive The type illustrated in figure 58, 
2 , indicates die actual temperature of tlie 
fluid being used for sterilization quickly and 
IS read easily 

4 The period of continuous exposure to 
saturated steam must be mcasuicd Tlie 
installation of a reliable clock in die steri- 
lizing room is so obviously important for 
the accurate control of sterilization diat it 
is usually forgotten Tlic use of individual 
wrist or pocket watches is dangerous be- 
cause too frequently a sterilizer is started by 
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TIME- TEMPERATURE RELATIONSHIPS 
IN STERILIZING CYCLE 



one attendant who times it by his watch 
and is turned off by another at the time 
indicated by a second watch If the watches 
agree, the load is sterile; if the first one 
happens to be slow or the second one fast, 
the sterilizing period is inadequate 

Continuous exposure is essential because 
as steam penetrates a package, it condenses 
in the package in quantities proportional 
to the heat required to raise the temperature 
of the matenal to that of the steam The 
heating spreads centripetally in a distinct 
zone of demarcation, the temperature neces- 
sary for stenlization exists only where the 
goods are moist; a fe\v centimeters m ad- 
vance of the zone, the fabric is dry and 
relatively cool If this orderly heating is 
checked, the outer wet shell of moist fabric 
cools and must be reheated. This may re- 
quire a longer exposure than the original 
dry package For example, if the outer 
one third of the package cools to 100®C, 
30% more steam is required to reheat the 
outer vet shell (two thirds of the package 
by v/cight) because the condensate left 
in the fabric by the initial heatmg requires 
additional heat. 

In the large sterilizer used in the expen- 
ment in v/hich the data for figure 59 v/ere 
collected, the thermocouple located in the 


exhaust line indicated the presence of 
saturated steam at 121°C m seventeen 
minutes The air had therefore been ejected 
The thermocouple in the center of the 
bundle did not indicate complete penetra- 
tion by steam until thirteen minutes later. 
Peak microbicidal action begins m the 
center at this point and must be continued 
until all bacterial life is destroyed It is not 
practicable to measure the temperature of 
the center of bundles routinely. A more 
convenient method of measuring the steriliz- 
ing period IS to note when saturated steam 
fills the chamber as indicated by the tem- 
perature of the exhaust line A penod of 
thirty consecutive minutes provides for 
(1) complete penetration of a load of stan- 
dard packages plus (2) thirteen minutes 
requisite for destruction of the least acces- 
sible spore by saturated steam at 121 °C, as 
is indicated in figure 37. 

5 Reliable personnel must be provided 
Simply determining the physical facts m- 
dicative of a properly functioning steam 
stenlizer is not enough The uncertamties 
of human behavior are so great and human 
error is so likely to negate sterilization in 
the best sterilizer, that other safeguards 
must be used It is imperative that per- 
manent personnel be employed who are 
properly trained in packaging and loadmg 
and who realize their responsibility and 
perform their duties wholeheartedly. The 
sterilization of hospital supplies is a service 
essential to the safety of the patient and not 
a chore to be relegated to the most stupid 
or least expensive employee Certainly, it 
IS not a task to be entrusted to volunteers. 

6 There must be a logical correlation 
between the quantity of work to be done and 
the personnel and equipment provided to 
do it Even efficient personnel cannot be 
expected to do a good job with inadequate 
facilities The necessity of overloading steri- 
lizers must be eliminated by the provision 
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AUTOMATIC TIME- TEMPERATURE CONTROL OF STERILIZATION 



of adequate sterilizer capacity (cubic meters 
of usable space, not the number of steri- 
lizers) to permit operation at no more than 
85% of capacity during the normal working 
hours of the sterilizer attendants Inade- 
quate sterilizer capacity is one of the most 
{sequent faults found in modern hospitals 
7. The sterilizer must be in good condi- 
tion An unappreciated factor in failure of 
sterilization is faulty maintenance of equip- 
ment Sterilizing equipment should be in- 
spected periodically by a trained mechanic 
who understands the design and use of 
sterilizers and appreciates the importance 
of their proper maintenance Discretion 
must be used in the interpretation of the 
mechanic’s reports on the condition of 
.sterilizers Many intelligent sterilizer at- 


61 

tendants are forced to use defective equip- 
ment because of the opinionated ignorance 
of those charged with the maintenance 
of sterilizers and their source of steam 
For example, 500 telltale indicators were 
gathered during a three-day inspection 
tour of the operating rooms of a large 
teaching hospital None indicated exposure 
to steam When questioned, the supervisor 
produced a letter from the superintendent 
of the hospital ordering her to disregard the 
indicators because the mechanic had re 
ported the sterilizer in good shape and that 
the fault lay with the indicators The 
thermometer on that sterilizer was broken 
and the air ejector was plugged ’ Tlie 
maintenance of sterilizers is discussed at 
length m Chapter XXI, 


RECORDING THERMOMETER 



8 Legible, dearly illustrated instruc- 
tions for the proper operation of the specific 
sterilizer should be framed and moxmted 
near by where they may serve to standardize 
opcratiOEu 

9 Continuous check on the sterilizing 
process must be made. Because personnel 
problems necessarily influence the control of 
stcnlizatiOD, vanous attempts have been 
made to provide mechanical controls to safe- 
guard the process Some of these arc merdy 
*afcty devices to protect the operator against 
injury Figure ^ Dlustratct safety equip- 
ment designed to prevent a careless operator 
from opening a itcnlizcr door while there 
u pressure m the chamber One, figure 60, f, 

[ 


relies upon mechanical interlodong of the 
center plate, which controls the locbng 
ban of the sterilizer door, over a safety stud 
so that the steam pressure is necessarily 
rdcased gradually as the door is unlocked, 
It being impossible to retract the locking 
ban until the steam has escaped Thus, 
the door cannot fly open suddenly and 
injure the operator Another, figure 60, 2 ^ 
provides a mechanical lock actuated by 
steam pressure on a diaphragm to prevent 
the door being opened until the steam 
pressure has been reheved and the dia 
phragm has disengaged the lock Another 
type, figure 60, 3 has a groove m the center 
stud which guides the center plate and 


CHART SHOWING FAULTY STERILIZATION 


Exposure too short 



automatically retracts the lockmg bars 
only after the door is free from the gasket 
so that all steam has escaped about the 
periphery This type of safety protects the 
careless attendant Safety for the patient 
demands devices to force the personnel to 
operate sterilizers so as to assure sterile 
supplies 

An automatic time-temperature ratio can 
be insured by the installation of the device 
illustrated m figure 61 1 1 consists of a sensitive 
thermoresponsive switch located m the air 
exhaust fine Wfiien saturated steam at 1 21 °G 
contacts the switch, the clock is started 
Whenever the switch cools, the clock stops 
and recycles to 0 Thus, the elapsed time mdi- 


cated on the dial means that the thermostat 
was exposed contmuously to saturated 
steam above 121 °C for that penod In the 
ultimate analysis, the control of sterdization 
depends upon the coordmation of machine 
and personnel for rehable results The 
ideal technic standardizes packagmg and 
loadmg so that only one period of steriliza- 
tion is necessary, hence, the machme can be 
equipped with a nonadjustable timer which 
will enforce the minimum standards neces- 
sary to sterilize the standard package 
Another device of this type is the recording 
thermometer, having a thermoresponsive 
bulb inserted mto the air exhaust Ime, 
figure 62 The recorder mdicates the time- 
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ADJUSTABLE TIMER 



Ftocnte 64 


temperature relationship on the chart The 
^v^th both these devices is that 
there is no assurance that the sterilizer 
attendant will operate the sterilizer as 
dictated by the control device. The problem 
a illustrated m figure 63, showmg a record 
log thermometer chart >vhich was presented 
to a hospital superintendent as a daily 
toutiDc. He found that three loads were 
inadequately sterilized but no one knew 
'''hether or not those loads had been rc- 
*tcnli 2 ed or distributed throughout the 
hospital as sterile. Recording devices in 
emrent use should be checked because, at 
one tunc, recording pressure gages were 
installed which mdicated pre ssure but ivcre 
calibrated m t erm s of temperature. The 
Presmre, of course, might be due to water 
Or air as well as iteartL 
Some sterilizers are cqmppcd with timmg 
devices and thermostats v^ch arc adjust 


able, figure 64 Because of the adjustable 
feature, none of this type arc safety controls 
because lazy or dishonest employees can 
readily adjust cither time or temperature 
to Slut their own convenience 

Another control goes still further because 
it forces the personnel to correlate mterpre- 
tabon of the indicators of stenhty ivith the 
actual operation of the sterilizer and the 
safe disposition of the load. The control 
illustrated m figure 65 automatically im- 
pounds the load until it has been properly 
sterilized, thus eliminating opportumty for 
human error * The autoclave door is locked 
by a rolling key dutch racchaiusm moimted 
within the hand wheel assembly, figure 65, 7 
This dutch Wedges the hand wfaed so that 
the lockmg bars cannot be retracted and 

* Wauek, C. W a itelli bie Control far Stom 
StetainitJoo, SkTg Gjn. & 0*, 67i526-530 Oct,, 193S 
By pemikdoo ot ^ Ohutna 



TIME- TEMPERATURE CONTROL FOR STERILIZATION 



Recyc 


ing control 


Figure 65 


simultaneously provides the take-up often 
necessary for sealmg the door agamst leak- 
age of steam as the chamber pressure 
builds up After the satisfactory completion 
of the sterilizing cycle, the rolhng keys are 
released from their wedgmg position by a 
magnetic trip 

The sterilizing cycle is checked by a re- 
cychng, synchronous electric timer which is 
controlled by sensitive tliermostats located 
m the exliaust hne of tlie sterilizer 

The sterilizer is operated accordmg to 
tlie manufacturer’s usual instructions Wdien 
tlie lockmg bars are forced into position to 
secure tlie sterilizer door, a switch is actu- 
ated ^\llich energizes the control After 
steam has been admitted to the chamber 
and the temperature of the steam reaches 
the sterilizing le\cl, a thermostat, set for 
121°C, starts the timer, figure 65 A signal 


mdicates that stenlizmg conditions prevail 
While the temperature of the steam remains 
above 121°G, the tuner meters a consecutive 
inten^al until thirty mmutes have elapsed, 
w^hen It trips a swatch which hghts a signal, 
mdicatmg that the load is sterile and that 
the steam may be shut off and the vent 
valve opened After the pressure in the 
chamber has been reheved and the temper- 
ature falls to 100°C, a second thermostat 
closes, releasing the clutch so that the hand 
wheel may be turned to retract the loclung 
bars 

If for any reason the temperature of the 
steam falls below^ 121°C, the tuner automat- 
ically recycles and the entire thirty-mmute 
penod must be repeated Thus, continuous 
exposure to saturated steam destructive to 
bacterial life is assured 

This automatic control provides the sur- 
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A RELIABLE CONTROL 
FOR STEAM STERILIZATION 



gcon with a reliable method of ehmmating 
faiilty rtcnlization due to failure of the 
itenlizing equipment and ignorance or 
neg^gcnce on the part of the attendant 
It enforce* adherence to a predetermmed 
standard of sterilisation, figure 66, su£B- 
aent to insure absolute stenUty of surgical 
supplies without waste of steam or damage 
to fabric* because of excessive exposure to 
steam. 

A group erf controls known as “telltales” 
has been devised to show whether a given 
padcage has been stcnlized. This group was 
carefully studied m a glass autoclave, 
figure 67, 7, where they could be observed 
while surrouiKicd with saturated steam.* 
An adequate steam supply and vent per- 
mitted prompt air ejection and rapid rise 
and fall m temperature, figure 67, 7 A 
recording potentiometer provided a graphic 
record, figure 62, 2, of the temperature 
measured by a thermocouple fix>m which 
the telltale was suspended * 

The lag thermometer, figure 68, demon 
strates faults typical of the group The loca- 
tion of the telltale m the sterilizer influences 

*Wai.tx», C. IV Aa EnlutloQ trf Sterility IixL- 
aton,SBjri7 2t5a5-5*9 1937 


TEST APPARATUS FOR TELLTALE CONTROLS 



the significance of the information it pro- 
vides. In figure* 47 and 54, it is obvious that 
an indicator at the top of the bundle would 
indicate sterility whereas the bottom re- 
mains unstenle. The location of the telltale 
IS a haphRzard procedure which can be con- 
trolled only by rigid disaplmc of attendants, 
which m Itself solves most of the problems m 
controlling sterilization The lag thermome- 
ter IS mtended to be wrapped m the center 
of packages and withdrawn by means of a 
tape 80 that it can be read while still hot 
If packages arc wrapped so that these 
indicators can be withdrawn readily, the 
performance of the mdicator need not 
simulate that of the package m \vhich it is 
enclosed because the channel provided for 
easy withdrawal mvitcs early penetration 
by steam, and hence, the mdicator may be 
heated before the material surrounding it. 
It 13 so large that the channel through 
which It is removed mvitci contamination 
of the pack during storage. 

Oth^ factors nuhtatc against the lag 
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TIME- TEMPERATURE CONTROL FOR STERILIZATION 


Signal 

lights 



\\ r 


1 [ 

o , 

U 7 



Door lock^ 


Air and condensate 
discharge 



Recycling control 


Figup^ 65 


simultaneously provides the take-up often 
necessary for sealing the door against leak- 
age of steam as the chamber pressure 
builds up. After the satisfactory completion 
of the sterilizing cycle, the rolling keys are 
released from their wedging position by a 
magnetic trip. 

The stenlizmg cycle is checked by a re- 
cycling. synchronous electric timer which is 
controlled by sensitive thermostats located 
in the exhaust line of the sterilizer 

The sterilizer is operated according to 
the manufacturer’s usual instructions When 
the locking bars are forced mto position to 
secure the sterilizer door, a switch is actu- 
ated which energizes the control. After 
steam has been admitted to the chamber 
and the temperature of the steam reaches 
the stcnlizing le\el, a thermostat, set for 
121°C, starts the timer, figure 65 A signal 


indicates that sterilizing conditions prevail 
While the temperature of the steam remains 
above 121 °C, the timer meters a consecutive 
interval until thirty minutes have elapsed, 
when it trips a switch which lights a signal, 
indicating that the load is sterile and that 
the steam may be shut off and the vent 
valve opened After the pressure m the 
chamber has been relieved and the temper- 
ature falls to 100°C, a second thermostat 
closes, releasing the clutch so that the han 
wheel may be turned to retract the lockmg 
bars 

If for any reason the temperature of c 
steam falls below 121°C, the timer automat- 
ically recycles and the entire thirty-mmute 
period must be repeated. Thus, contmuous 
exposure to saturated steam destructive to 

bacterial life is assured 

This automatic control provides the sur 
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AROiABLE CONTROL^^, 
FOR STEAM STERIUZATION 



geon with a reliable method of eliminatmg 
faulty ftcnhiation due to failure of the 
stcnluong equipment aixl ignorance or 
negligence on the part of the attendant 
It enforces adherence to a predetenmned 
standard of sterilization, figure 66, suffi- 
cient to insure absolute sterility of surgical 
supplies without waste of steam or damage 
to fabnes because of cjcccssivc exposure to 
ttcanu 

A group cf controls known as “telltale^* 
has been devised to show whether a given 
package has been stcnlizcd This group was 
carefully studied m a glass autoclave, 
figure 67, 7, where they could be observed 
■while surrounded with saturated steanL* 
An adequate steam supply and vent per- 
mitted prompt air ejection and rapd nsc 
and fall m temperature, figure 67, 1 A 
recording potendometer provided a graphic 
record, figure 62, 2, of the temperature 
locaiiffcd by a thermocouple from which 
the telltale was suspended * 

The lag thermometer, figure 68, demon 
strates faults typical of the group The loco 
tion of the telltale m the sterilizer influences 

‘Walti*, C. W An EwhndoD of Storfllty Indl- 
C»»«i,arrn7 Jj585-5S9 1957 


TEST APPARATUS FOR TELLTALE CONTROLS 



the figmficancc of the infonnadon it pro- 
vides In figures 47 and 54, it is obvious that 
an mdlcator at the top of the bundle Nvould 
indicate sterility whereas the bottom re- 
mains unstcnlc. The locadon of the telltale 
13 a haphazard procedure which can be con- 
trolled only by ngid disaplmc of attendants, 
which m itself solve* most of the problems m 
controlling sterilization The lag thermome- 
ter is intended to be wrapped m the center 
of packages and withdrawn by means of a 
tape so that it can be read while still hot 
If packages arc \vTappcd so that these 
mdicators can be ivithdrawn readily, the 
p er formance of the mdicator need not 
simulate that of the package m which it is 
enclosed because the channel provided for 
easy withdrawal mvitc* early penetration 
by steam, and hence, the mdicator may be 
heated before the matenal surrounding it 
It u so large that the channel through 
uhich It 13 removed invites contammauon 
of the pack during storage. 

Other factors militate against the lag 
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LAG THERMOMETER 



Fjgujui 68 


thermometer. The attendant must be re- 
lied upon to allow the thermometer to 
cool for thirty minutes and to shake it 
down before it is rc-ased. Study in the 
glass autoclave shows that the thermometer 
registers 121 ‘’C in five to seven minutes in- 
stead of fifteen minutes as advertised The 
mercury column can be set at any point on 
the scale at will. The thermometers arc 
fragile and expensive and add more hazards 
to sterilization than they remove. 

Another variety of sterility indicator is the 
small expendable glass tube or paper tab 
intended to be wrapped in the center of 
packages cither to be withdrawn at the end 
of sterilization or to be inspected when the 
package is ultimately used, 

A study of the melting point of the pink 
bead type of control (Diack) not only re- 
vealed marked discrcpancic*s between indi- 
vidual controls but also with earlier pub- 
lished and advertised claims .'^- ''' The end- 
point of this control (a change in shape) 
wa^ clear but it developed equally well 
in dry or moist heat, d he majority of the 
1000 beads tested melted in one minute or 
less when exposed to saturated steam 
at customary sterilizing temperatures, fig- 
ure 09, A numlier shov/cd a melting point 
delayed sufficiently to cause undue waste 
in sterilization, if sterilization was repeated 

‘■Jlorr, h nn Rublw QWm StenliA-ition 

fin'J T>'- of .Stcnlit / Indicators, J, Jyib Gf Clin Med , 
19;382-3';0, 193-1 

■' F'-p'irt of the Cii-^rnical I.ilxjratory of the Am-rican 
i! A'vi'mIioi), J'anl Nicholas Dircrtor 

T i)'- Si'a-iIoin-'t'T and the As--ptic T/icrmo-indicator, 
JAM.A., 103.1621-1622, 193-1 


under the erroneous assumption that the 
unmcJled bead indicated failure of steri- 
lization 

“Armour Tubes” and “Telotest” arc 
examples of telltales which react equally 
well to dry and moist heat and hence arc 
valueless in steam sterilization, 

Observatioas on the matching of the color 
of the bulb or printed replica of a ther- 
mometer (Sterilometcr), which changes 
color after brief contact with steam with the 
delayed production of color in the column, 
were difficult because of the exceedingly 
poor end-point. Even the latest type of this 
control showed a gradual development of 
color which began early and progressed to 
a point where further darkening, due to the 
formation of lead sulphide, could not be 


MELTING POINT OF RED BEAD 
IN SATURATED STEAM 
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MATCHING Of COLUMN IN SATURATED STEAM 


END poifrr - vcny poo« 


DISAPPEARANCE OF UVENDER ARROW 
IN SATURATED STEAM 



jijdged The control waa but slightly affected 
by dry heat The majonty of the 1000 
tested showed complete color change in less 
than SIX minutes, figure 70, and the average 
changed well below the advertised and pub- 
lished claims, • There was a fuffkaent num 
ber of delayed matchings to cause Sequent 
needless rcstcnlization 

Investigation of the disappearance time 
of a lavender arrow (Aseptic Thcrmo-indi 
cator) of chromium scsquichlonde and the 
blending of its green isomer mto a g re en 
background was made difficult by a poor 
end point Despite the advertised ‘snap” 
action of the in^cator, the color faded pro- 
grcsSiVcly throughout the penod foUowmg 
saturation with mcostiirc with but rare 
exceptions. The majonty of the 1000 tested 
indicated stenhty m leas than twelve min- 
utes m the usual itcnlizmg range, figure 71, 
^nd the average chang^ belo\v the re- 
ported and advertised ‘snap” time.*' ^ * Tins 

'Maoatb, T B, Fod dv ’e, locxpatthr Method of 
Storfle Goodi, S/W 4ni 12, Sept. 1933 



telltale was the moot consistent performer of 
the three but there \va3 a sufficient number 
of delayed changes to confuse attendants 
and to cause unnecessary rcstenlization 

Similar, though leas detailed, data have 
been compiled for “Steamclox.” 

The expense of ccrofying stenhzBUon by 
telltale mdicators, costing approximately 
three cents each, is not justifi^ because of 
the disparity m mdividual parformance in 
the commercial supply of each type of con- 
trol The large personal equation mvolved 
m the proper location and mt erpr etation of 
this type of stcrihty indicator renders their 
use as a check on routine sterilization of 
dubious value for general hospital practice. 

Many rely upon actually testing the 

* Bxjj>no L. C. On the Opendon of s tVorbnam. 
tVlth SpeeijJ Rderence to Sterffirinj rV o ca ^ Li FoDowitu 

■ Threc-Yeir Study 10i60-dl Oct. 1936. 



emcienc}' of a sterilizer by running unan- 
nounced test cultures. This method gives 
accurate information only ’.vhen an estab- 
lished technic is used. Because germination 
may be delayed in summing organisms,* the 
information is not available until two to 
three ’iveeks after the test so that the method 
is not applicable to the routine control of 
steam sterilizanon. 

The most outstanding investigations on 
sterilization have been based upon bacteri- 
ologic studies on soil because it contains 
both aerobic and anaerobic sporebearing 
organisms which are resistant to heat. Be- 
cause soils vsiry in the resistance of their 
bacteria to moist heat, it is essential to ob- 
tain uniformly resistant samples. This is 
readily done bv* dm-ing garden soil in the 
air, pov.*dering it. and e.xposing it to fio•\^ing 
steam in an Arnold Sterilizer for ten hours.^® 
The soil is then dried thoroughly in the 
air, subdi'dded into one-gram samples, and 
used for sterilit}* tests after it has been estab- 
lished that control samples grow out -when 
incubated in suitable culture media. To 
perform a test, the samples are most con- 
veniently A', -rapped in niter paper packages. 
Such packages are used as sterilit}* controls 
by introducing them in ihe densest portion 
of surgical packs. The test bundles are put 
in the Icnvest possible portion of the steri- 
lizer and the sterilizer is operated in routine 
fashion. Follcn'-ing ejgxjsure to steam, the 
packages are removed -^dth strict aseptic 
technic and their contents cultured. The 
cultures are examined at various intem'als 
uo to fourteen da}^. Unheated controls are 
ciiltured simultaneously and all negative 

* E. C., BvpjiE, G. S., Er-o:, D. 2 nd JoH^- 

rrcv, J.: S-mdis cn in? 'Thcrma] Death Time of Spores of 
Clomrimam Borulmrm. P>'. Resistance of Spo-cs 10 
Hea* and one Dcr:r 2 ^cr cr Delat ed Germination of 
Spores t'»'hich Ha- e Been Soi^emed to Heat, j hdeci 

zU-55:^'2. ]?25 . Bs* T 

stained and Time RanOj 43:£5, Fen 1957 
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cultures are inoculated at the end of the 
incubation period to prove that the culture 
medium is effective. 

Sterility tests are best conducted as de- 
scribed in the Pharmacopoeia of ihe Umled 
States, Ttvelfth Retision, 1942, p 609 

STEtauTY Test tor Liquids 

"When a test for the sterility of a liquid is 
prescribed, the follo^'.ing procedures shall be 
used: 

Broth for Sterilit)' Tests 

Beefsteak (freed of fat, tendons, and bone) 500 gnu 


Peptone 10 gm, 

So^um CMoride 5 gm- 


DisUlied a suffirient quandty. 

To make , . - lOOO cc. 

Grind the beef steak in a meat grinder, .4dd 
1000 cc. distilled ivater, mix -well and aUoiv 
the mixture to infuse in a refrigerator for not 
less than eighteen and not more than U'ienty- 
four hours Remove it from the refrigerator, 
heat it in streaming steam at lOO'C for one 
hour and then under a pressure of 15 pounds 
(121.5®C) for thirty' minutes F ina lly squeeze it 
through cheesecloth imtil the broth measures 
1000 cc. If unable to obtain this amount b}' 
pressure, make up the volume v.ith distilled 
water. 

To 1000 cc of fbic; broth add the peptone 
and sodium chloride and mix -l^ell until they 
are dissolved. .A-djust the reaction of this mixture 
to a pH of 7.6. using normal sodium hydroxide 
and -then heat in steam at 100°C for thirt)' 
minutes 

-Again determine its reaction and, if necessary, 
adjust it ^rith normal sodium hydroxide to 
0.2 point abo%e the specified pH Now fili^ 
the product through a i%et filter, transfer it 
to chemically clean containers, and finall} 
sterilize the broth in an autoclave for Plenty 
minutes at 15 pounds pressure 

77:e Test 

To test for sterility pour this broth toto 
Smith fermentation tubes or suitable substitutes 
so that each v.-ill contain not Jess than 2o cc. 

] 



of the nutnent broth and again ftcrilirc at 
15 pounds prenurc for a period of thirty mm 
utc*. Finally meubate the tube* for a period of 
at least twenty four hours at 37 C. 

To these tubes add 1 cc. of an aqueous, 1%, 
sterile dextrose solution for each 25 cc. of the 
broth, steam the tubes at 100 G for not las 
thirty mmuta wnd allow them to cooL 
The air hberated by the steaming must be 
removed from the tubes by tflting 

Plant half of the tubes with 5 dropis of the 
liquid to be tested nnd the other half with 
20 drops of the same matenaL 
Final readings ftjr itcrihty shall be made after 
seven days of meubauon at 37 C. When the 
hquid to be tested renders the test broth turbid, 
make transfen at the dd of seven days frnm 
the tubes originally planted to others freshly 
steamed These tuba to which the transplant! 
have be e n made shall alim be observed ftjr 
•even days. 

When the liquid m bulk containers is tested 
for sterility 10 cc. shall be planted from each 
container holding more ♦•han 1 liter and at 
least 3 cc. from each container holding les 
than 1 bter When the product m final con 
tamers is tested, 3% of t^ total number shall 
be tested but the number need not ej ccce d ten 
from any one bt of containers. Preservative, 
if present, shall be so diluted m planting that 
its activity does not exceed that of phenol m a 
dilution of 1 10 000 

If growth appears m any tube, the test «hall 
be repeated, double the number of tuba 
employed m the first test. If contamination is 
found, the liquid shall be discarded or treated 
in such TTTflnnrr as to render it free from living 

nuCTOorg anitmi. 

Steriuty Tests for Sonus 


BntA /or SUnUty T*sts vdtr Atnh»s\3 


Beef steak (freed of lat, tendons and booc) 

500 gm. 

PcfKone 

10 gm. 

Sodhim Chlonde 

5 glTL 

Dextrose 

10 gm. 

Installed water a sufficient quantity 


To maVf 

1000 gm. 
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Grmd the meat Add 1000 cc. of datilled 
water mix well, and keep cold m a refrigerator 
for from eighteen to twenty four boun. Remove, 
with a piece of a bsorb ent cotton, any scum 
of fat which may be present Then strain 
through cheese cloth and squeexe the meat as 
dry as possible. The amount of fluid recovered 
should almost equal the amount of water 
added. Alternative method Thoroughly muc 
the beef with the distilled water, heat at lOC'C 
for one hour stram through chee se cloth, and 
press the meat as dry as possible. 

Dissolve the peptone, sodium chlonde, and 
dextrose m the hqmd obtamed by either 
method Add sufficient normal sodium hydrox 
kIc so that the preliminary reaction, after 
diluting with distilled water to 1000 cc^ is 
pH 7 6 Filter through a wet filter paper until 
clear, distribute it m quanPtia of 40 cc, each 
m chemically clean, preferably sterile, test 
tuba (apprnrrmateJy 25 mm, by 200 mm.) 
plug these with gauzc^wrapped, nouabsorbent 
cotton and stenhze m an autoclave at from 15 
to 20 pounds presure (121 5 to 126 5 C) for 
from twenty to thirty minutes, or by any other 
suitable method. The final reaction should be 
bet w e en pH 12 , and pH 7 4 

Do not use culture medium which has been 
kept longer than two weeks at room tempera 
turc or four weeks under refrigeration. 

BrstA /cr SUrih^ Tdj ttnin Artsenbvms 
Litmus Tot Solatum 10 cc. 

Geiabn 20 gm. 

Broth far Sterility Tests under Aerobiom, 

a luffiricnt quantity 

To mjJte 1000 cc. 

The ‘ broth prepared for acrobiosis * need 
not be filtered or sterilized before the addition 
of the other ingredients. Dissolve the gelatin 
m the broth with the mH of gende beat, add 
the litmus T S and adjust the preliminary 
reaction to pH 7 6 Then, if necessary add 
the albumen of two fresh eggs or its equivalent 
m desiccated egg albumen, heat to coagulate, 
and add distilled water to 1000 cc., 

filter imtfl dear and distnbute the filtrate in 
quantitia of 40 cc. each, as described under the 
broth for testing aerobic organisms. Sterilize 

1 



m an autoclave at from 1 5 to 20 pounds pressure 
(121 5° to 126 5°C) for from twenty to thirty 
minutes, or by any other suitable method The 
final reaction should be between pH 7.2 and 
pH 7 4 

The 10 cc of litmus T S may be replaced 
by 0 2 gm of azolitmm if preferred 

Do not use culture medium which has been 
kept longer than two weeks at room tempera- 
ture or four weeks under refrigeration 

Honey Medium for Molds and Yeasts 

Peptone 10 gm 

Honey 60 cc 

Distilled water, a sufficient quantity, 

To m^e 1000 cc 

Dissolve the peptone m the distilled water 
with gentle heat, add the honey, and adjust 
the preliminary reaction to pH 6 0 Filter if 
necessary and sterilize in an autoclave at from 
15 to 20 pounds pressure (121 5° to 126 5 °C) 
for from twenty to thirty minutes or by any 
other suitable method The finail reaction 
should approximate pH 5 6 

Sterilized Distilled Water 

Distnbute distilled water m quantities of 
40 cc each m chemically clean, preferably ster- 
ile, test tubes Plug the tubes with gauze- 
wrapped, nonabsorbent cotton, and sterihze 
m an autoclave 

Inactivating Flutos for Inactivating 
Bacteriostatic Agents 

Fluids A and B are used for removing the van- 
ous chlorine, iodine, or mercury compounds 
which are employed as bacteriostatic agents in 
the tubing fluids used in the packaging of su- 
tures Fluid G is necessary as a preliminary in- 
activatmg fluid if the chemical analysis shows 
that the sutures contain copper salts If bacterio- 
static agents, other than those above designated 
arc used, appropriate sterile macUvating fluids 
and appropriate sterile washing agents must be 
employed so as to remove effectively the bac- 
teriostatic and inacUvating agents, which it 
present would interfere with bacterial growth 
m the subsequent test for sterility 


Inactivating Fluid A 

Sodium Thiosulfate 10 gm. 

Sodium Carbonate 10 gm 

Distilled water, a sufficient quantity. 

To make 1000 cc 

Mix, filter if necessary, and distnbute in 
quantities of 40 cc each, in chemically clean, 
dry, sterile test tubes Stenlize in an autoclave 
at from 15 to 20 pounds pressure (121 5° to 
126 5°G) for from twenty to thirty minutes 

Inactivating Fluid B 

Sodium Thiosulfate 100 gm 

Distilled water, a sufficient quantity, 

To make 1000 cc 

Mix, filter if necessary, and distnbute m 
quantities of 40 cc each, in chemically clean, 
dry, stenie test tubes Stenlize in an autoclave 
at from 15 to 20 pounds pressure (121 5° to 
126 5°G) for twenty to thirty mmutes 

Inactivating Fluid C 

Ammonium Chloride 50 gm 

Stronger Ammonia Water 15 cc 

Distilled water, a sufficient quantity. 

To make 1000 cc 

Dissolve the ammonium chloride m enough 
distilled water to make 1000 cc , filter if neces- 
sary, and stenlize in an autoclave at from 15 
to 20 pounds pressure (121 5° to 126 5°G) for 
from twenty to thirty mmutes Add 15 cc. of 
stronger ammonia water, and distnbute the 
solution aseptically m quantities of 40 cc each, 
m chemically clean, dry, sterile test tubes 

Petrolatum-paraffin Mixture for an Anaerobic Seal 

Petrolatum, having a melting pomt of 48°C 50 gm. 

Paraffin, having a melting point of 57°C 50 gm. 

Liquefy the mgredients by gentle heat, mix, 
and distribute, preferably in quantities of 50 or 
100 cc each, in chemically clean, dry test tubes 
or other containers Sterilize in a hot-air oven 
at 170°C for two hours or by any other suitable 
method 

Suggested Technique for Gonducting Tests 
FOR Sterility 

Garry out all bacteriological tests under the 
most rigid aseptic conditions Wherever possible. 
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tots ibould be earned out by two opera ton 
workiDg together The outmde weanng apparel 
of the operator ibould comift of stcnle caps, 
gowns, and face rnn^ln to cover the nose and 
mouth, wnH all mampxUa&om should be con 
ducted m a small, dust proof room supplied 
with filtered air under positive prccurc. The 
air m the tcitmg room should be ^iraycd with 
water nnd the room itself washed with a dutn- 
fcetant each time transfen are to be made, or 
at least once dail y when in use, the room being 
allowed to remain closed for fifteen minutes 
thereafter 

Opentng Packages and Coniasntrs 

For Purified Cotton, Gaure, Surgical Dress- 
ings, and Related Products. — Flame with care 
the carton, package, container or one of the 
margins if m an envelope, to remove adhering 
dust particle*. Remove material from the 
package with sterile forceps. SteriLueation of the 
latter B effected m an autoclave or by wrappuig 
the for ce p s and beatmg them in a hot-air oven 
at 170 G for two hours. Between successive 
tranafon thoroughly fiame the forc eps. If tcuaors 
are needed, stoihee them by the technique 
directed far forceps. 

For Suture*. — If necessary mfltrr a file hne 
m the center of the tube or about 10 mm. above 
any tubing fluid Then place the tube* in a 
suitable, active dmnfrrfing solution for twenty 
four hour*. Remove the tubes with sterile 
forceps and place them between sterile towel*. 
A* an alternative method of sterilizadon, 
flame the tubes, pre fera bly in a wmg flame, 
avoiding the beating of the content*. 

Removing and Culturing Content*. — Take 
portionj of the substance m tnpUcatc from the 
carton*, wrapped package*, envelope*, and 
sunilar containers. The material to be tested 
should be taken ftom various locatians within 
the nidi of punfied cotton, gaure, surgical 
drcumg or related material, prcfcratdy f rom 
the outer end, center and core, n-fing ftmie 
hutruments and equipment. Transfer these 
portion* of the material a* rapidly a* posable 
to the necessary number of tube* of medium 
for aerobic and anaerobic culturing, ani^ aim 
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to tube* of boncy medium for detecting molds 
and yeasts. Bcfbrc use, beat and culture medium 
for anacrobiosi* at 1(X) C for fifteen minutes 
and cool quickly Seal the inoculated anaerobic 
Tnrdiiim with a thick (3 Cm.) layer of sterile 
petrolatum paraffin mixture. Place the sealed 
tubes Immediately m a 37 C meubator or m a 
cool water bath to solidify the *eal The time 
between the removal of the medium from the 
steam bath aod the pounng of the seal should 
not exceed fifteen minute* when examining su 
turei, and thirty minutes when examining 
other solids. Culture* of sutures arc incubated 
at 37 C for fifteen days before negative result* 
arc rccordctL Other piroducts are to be meu- 
bated as directed above for seven day* before 
negative results arc recorded The cultures 
m honey medium for yeast and fungi are to be 
incubated for fifteen days at from 22 to 25 C 
b e fore negative results arc recorded. 

In the case of sutures, break the tube at the 
filed line preferably by holding against it a 
red hot, curved wire. Transfer the entire suture 
or loop or strand of gut, with the pomts of the 
stenie forceps, to the test tube containing 40 cc. 
of fterOc distilled water replace the cotton 
plug and incubate the tube at 37 C fcir twenty 
four hours. Then transfer the gut to a test 
tube containing 40 cc. of rtenie inactivating 
fluid A, usmg the ne cessa ry precaution* to 
prevent contamination, and again incubate at 
37 C for twenty four hours. 

If chemical analysis of at least four sutures 
of any lot reveals that the sutures arc unpreg 
Dated with more than 2% of a mercury com 
pound or more than 5% of chlonnc or iodine 
compound*, u*c sterile inactivating fluid B in- 
stead of the above. If the sutures upon chemi- 
cal analysis have been found to contain copper, 
transfer the suture, after treatment with 40 cc. 
of sterile distilled water to 40 cc. of stcnle 
inactivating fluid C and again meubate at 
37 C for twenty-four hours 

It may al*o be necessary to employ other 
appropriate sterile inactivating fluids if bac 
tenostadc agents other thun mercury nxime, 
or chlonnc compounds have been used. If 
inactivating fluid B or mactivatmg fluid C, or 
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special inactivating fluids arc used, follow by 
placing the suture in 40 cc. of sterile inactivating 
fluid A. That the inactivating fluid used may 
not interfere with bacterial culturing, an addi- 
tional step IS necessary before the transfer of the 
suture to the culture medium ^his is to wash 
the suture, after treatment with the inactivator, 
m another tube of 40 cc. of sterile distilled 
water Finally place the suture m each of the 
three tubes of medium to test for aerobes, 
anaerobes, and for molds and yeasts as detailed 
above 

Confirm all positive cultures showing growth, 
by a microscopic examination of stained smears 

At the end of the period of incubation inocu- 
late at least 5% of all negative aerobic suture 
cultures showing no growth, with 1 cc of a 
1 100,000 dilution of an 18- to 24-hour broth 
culture of E coli and incubate at 37®C for 
three days Inoculate at least 5% of all negative 
anaerobic suture cultures showing no growth 
with 1 cc of a 1 100,000 dilution of an 18- to 
24-hour broth culture of C novyi and incubate 
at 37°C for three days. Inoculate at least 5% 
of all negative yeast and mold suture cultures 
showing no growth, with 1 cc of a 1 1000 
dilution of a 72-hour honey medium culture 
of Monilia albicans and incubate at from 22° 
to 25°C for three days Failure of growth is 
evidence that bacteriostatic agents which may 
have been carried over in the transfer are 
present 

CONTROIJl 

Tubes of media, distilled water, and inac- 
tivating fluid arc preferably placed in cans 
or baskets before sterilization and then covered 
by paper hoods Incubate all tubes of culture 
media immediately after their preparation, 
for forty-eight hours at 37°C and then for 
forty-eight hours at room temperature Discard 
tubes showing growth Culture aerobically 
and also anaerobically 10 cc of the distilled 
water used in these tests and also each of the 
inactivating fluids, immediately after their 
preparation If any of the tubes used in testing 
show growth the entire stock of material they 
represent must be discarded 
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When testing any material for sterility, the 
following controls arc to be conducted simul- 
taneously 

a Inoculate two tubes of each of the culture 
media to be used with 10 cc. of the distilled 
water used and incubate for fifteen days 

b Carry out a similar test as in (a) but 
replace the distilled water with the inactivating 
fluid used If more than one inactivating fluid 
IS to be employed, each one must be tested 
separately 

c Seal two tubes of the anaerobic culture 
medium with a 3 cm layer of the pctrolatum- 
paraflin mixture and incubate for fifteen days 
to determine the sterility of the anaerobic seal 

d The culture medium to be used for anaer- 
obic culturing should support growth upon 
inoculating 40 cc with 1 cc of a 1,100,000 
dilution of an 18- to 24-hour broth culture of 
C. novyi The culture medium to be used for 
aerobic culturing should support growth upon 
inoculating 40 cc with 1 cc of a 1,100,000 
dilution of E coll Incubate inoculated tubes 
for seventy-two hours at 37°G The culture 
medium used for molds and yeasts should 
support growth upon inoculating 40 cc with 
1 cc of a 1 1000 dilution of a 72-hour honey 
medium culture of Monilia albicans and incu- 
bating at 22° to 25°C for three days. 

Attempts to test sterility by a lass detailed 
technic yield results that arc misleading. 
Even though negative results arc obtained 
by careful bactcriologic work, it must be 
realized that such tests only indicate ster- 
ility of the .samples actually tested Figures 
47 and 55 illustrate how little negative cul- 
tures signify unless all the factors concern- 
ing packaging, loading, and operation of a 
sterilizer arc considered For routine con- 
trol of sterilization, these details must be 
built into the technics for preparing supplies 
and instruments for operation. They must 
constantly be drilled into the personnel re- 
sponsible for the loading and operation of 
the sterilizers Control of the process as a 
whole then becomes a problem in inspection 
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and adherence to standards to insure stcnl- physical minima of time and temperature 
ity of all of the supphes and instruments arc more desirable and practical m hospital 
FoolprooftechruCjtramedpcrsonneljandsafe practice than periodic bactcnologic tests. 
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CHAPTER 7X 


STEPJLIZATION BY DRY HEAT 


. . . that by e/posur« to a Umptralurt not bdow 200"^ Fahr. during at hast one hour, the contagious matter oj 
scarlatina is either dissipateA or destroyed . . . that the disinfecting agency belongs to heat alone. 

— WiLLTAM Henry, M,D., S , 1832 * 


Thfi iXiQ of dry heat la limited to the steri- 
Jjy.aUon of artide^ v/hich do not withstand 
the corrosive action of steam, anhydrous 
objects v/hich are spoiled by moist heat, 
and anhydrou.> .substances v/hich prevent 
the bactericidal acdon of moist heat. Cut- 
ting edge in.struments, surgical gut, ground 
glass, and dry chemicals such as, greases, 
oiL, glycerine, are examples. 

Dr/ heat has definite limitations which 
make ih application either difficult or time- 
con. uming,'^ When dry heat Is used at suffi- 
ciently high temperatures to shorten the 
rtcTilixing period, fabnes and ribber goods 
are de'troy^id,'^ Because heating Is by con- 
duction, penetration is slov/, figure 4fi, as 
compared '//ith the rapid heating by con- 
vection of steam into bundles. The applica- 
tion of dry heat in a stenlixer Is difficult to 
control f>ecau./i the density of air decreases 
rapidly as it LS heated and stratification per- 
;i ts unk^^ a fan injures mixing or the 
v,'alls of the sterilixer are heated to uniform 
t^rmperature. Ev'sn v/ith proper sterilixer 

’ jn /, V/ ' J <jrtn'-r hyp^nm>‘nis on the Difinfectin^ 
Po/ en of t- 7 Plahiopfaccl Maparjne, 

JJ;22, IS32 

P */.'o;j;;f.oj'j, G Unt<:T£'j''h'jn,;cn 
Ql/r' oi- iJetis/fe' Uori ir'il h-itj/T /-vft, Kartrl 

0> jrd , J'J-25, 

• C'vtton fi^e '‘t ' fi.-r at 2 V /0 


design, the temperature Is likely to vary 
widely throughout the load because the 
specific heat of air is low and it Is a rela- 
tively poor heat transfer agent ^ If the 
temperature Is raised to shorten the sten- 
lixing period, great care mast be taken to 
obtain accurate control, otherwise the tem- 
per of instruments may be drawn because 
the critical temperature for steel is but 
little higher than the temperature often 
used for reasonably rapid sterilixation,^ 

.STERILIZATION BY DRY HEAT 

Tfie thermal death lime for resistant dry 
spores at various temperatures ls shown in 
figure 72 ^ The effect of but a .small per- 
centage of water (less than 0,5%) in decreas- 
ing the period of exposure Is obvious Note 
how .sharply it contrasts with figure 37 both 
as to the degree of heat required to destroy 
bacterial life and the prolonged exposure 
which Is necessary. The latter Is not quite 
a true picture because the period for heating 
the articles to sterilizing temperature is 

* Hajjj'p, E and Hj'icppn, K Djc FrOftin^ von Lal^O' 
r'itonums,'er&t'’n ffjr di<‘ Wa'^s' rdampf- nnd Hnsduft' 
ttmht.ition, gyntralbl / BaH , Ahi I, 114 376,1929 

Z and Apcj/jp, P>. Tht Sciftiu Mhalt 
Ke-^fYorh M'^/rnaAhW, p 432 

‘ Ron; f.pncp, H di<“ liKoniscJiC St'nJiEatJon 

WaiJcrfr-intnIfc us.'/, Arch.J H}P, , 109:07, 1933 
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HEATWO PERIOD ON HOT PUME 


THERfclAL DEATN TIME OF SPORE3 IN DRY HEAT 



much longer than that when steam is the 
hffflhng agent. It takes seventy minutes 
for 30 cc. petroleum jelly on 30, 5 cm X 
15 cm., layers of 40 X 42 gauze m a shallow 
metaJ container to reach 160®G, figure 73 
One hundred sixty additional mmutca arc 
necessary to destroy spores in the gauze, 
figure 72- 

Therc are four types of dry heat sterilizers 
which can be used m the operatmg room 
The conventional hot air oven, such as is 
used by bacteriologists for sterilization of 
glassware, is the type most frequently used, 
figure 74, 1 The chief fault is that most of 
these ovens heat unevenly and slowly and 
sterilization cannot be depended upon 
unless the sterilizer has been studied care- 
fully and the penod necessary to heat the 
sterilizer and its contents throughout is 
accurately known- In addition, the charac- 
ter of the material that surrounds the organ- 
isms must be knoivn because, as can be 
seen m figure 72, the microbiadal action of 
dry heat is influenced by the type of fluid 
^vhlch contacts the organism. The m^onty 
of such sterilizers can be operated at 160®G 
and the sterilizing period is one hour after 
the whole load has come to temperature, 
PROVIDED instruments arc clean and free 
from oU or grease. If the latter arc present, 



Ftoimz 73 

*a(c sterilization calls for four hours* expo- 
sure at 160®C. Forced cxrculation of the air 
m a hot air o\’cn, as by a blower, figure 
74, hastens heating and assures uniform 
conditions throughout 
Another class of dry heat sterilizer uses 
oil as the heating agent The usual Lind 
found m hospitals is quite similar to the 
■mall instrument sterilizer used m doctors* 
offices, figure 74, 3 , for stenhzing instruments 
in boilmg water, except that oil is substi- 
tuted for the water and the temperature is 
maintained at instead of the usual 

100®G- They are quite satisfactory when 
used carefully but as used m the average 
hospital, they are messy, smelly, and hazard- 
ous, both finm the pomt of vic\v of bemg a 
fire hazard and a jxJtcntial source of scald- 
ing As indicated m figure 72, the exposure 
IS three hours at 160®C- 
Surgical gut IS usually sterilized by dry 
heat m o3 sterilizer because moisture 
would hydrolyze the protem and destroy 
the guL Surgical gut is made by stnpping 
the submucosal layer of sheep’s mtcstincs 
free from mucosa, musculans, and scrosa. 
Thc ftnps of submucosa arc then tanned 


[ 93 ] 





TYPES OF DRY HEAT STERILIZERS 





and twisted into strands These strands arc 
sized and polished and finally wrapped on 
reels and inserted into glass tub^ They 
are stcnhicd after dehydration by immer- 
sion m cumol or high flash naphtha at 
160®G for one hour After stenhzatian has 
occurred, the cumol is drained oflf and a 
sterile tubit^ fluid containing a small per- 
centage of water is substituted Ninety five 
per cent alcohol is a common tubing fluid 
The tubes arc then scaled The water m the 
tubing fluid IS absorbed by the surgical gut, 
rrmWing it moTc supplc. Hcat destroys non 
boilabic gut because it causes hydrolysis. 
The diflcrencc between boilabic and non- 
boilablc surgical gut is that m the former, 
cumol 13 scaled m the glass tubes with the 
anhydrous gut so that the \vhoIe tube can 
subsequently be restcnlizcd by hcat without 
hydrolyzuig the gut 

A clean, convement, readily controlled 
dry heat sterilizer makes use of clcctncaliy 
heated ahiminum plates as shelves, fig 
ure 74, ^ * Because the alummum conducts 
heat qmckly, good heat distribution and 
accurate thermostatic control arc possible. 
The load is heated evenly because the m 
struroents actually contact the hot alumi 
num plate. 

The most convenient way of using this 
sterilizer is to fit an insulated cabmet with 
the control illustrated m figure 65 so tha t 
the sterilizer can be loaded and run at 
night. The exposure for clean, oil-fiiw 
mstruments is 160®C for one hour If the 
mstruments have been oiled or arc greasy, it 
takes three hours at 160®C to insure stenhza- 
tion. The ‘Stcnlock” control turns off the 
electric current ivhcn sterilization is com 
plcte and the stenhzcr cools to the point 
where the instruments ran be handled 
*afcly before the door is unlocked 

C. W Stcriliaiioo, Stppctl OtMtet ^ 
A3ttnc4, New VoA, April, W2. 


Every dressmg sterilizer can be modified 
for use as a dry heat sterilizer by msertmg 
a thermometer m the jacket return Imc to 
indicate the temperature of the jacket accu- 
rately When steam pressure of 775 mm. Hg 
IS earned m the jacket, the chamber ivalls 
arc uniformly heated to 121®G and after 
the door has been shut to stop air currents, 
ideal conditions for stenlizatibn by dry heat 
prevail. The chief handicap is that the sten- 
Imng period at 121°C is four hours, pro- 
vided no oil is present Nevertheless, such a 
stcniizcr can be loaded with clean cuttmg- 
edge instruments or powdered chemicals, 
the melting pomts of which arc higher than 
121®C, and steam pressure maintained in 
the jackcL Rehable sterilization can be 
depended upon if the load is exposed all 
night. 

The sulfonamides arc convcmcntly sten 
lizcd for topical application by measuring 
small quantities (2.5 gm.) mto test tubes and 
stoppering them with a cotton plug held m 
place ivith a flask hood The tubes arc 
ftcnhzcd as desenbed m the pr ereding 
paragraph When the flask hood is removed, 
the plug can be pulled out carefully to 
leave a sterile lip over which the powdered 
drug can be spilled without danger of 
contamination 

If a stenhzcr carrying steam m the jacket 
at 1400 mm. Hg gage pre ss ure is available, 
oil-frcc objects can be sterilized safely by 
two hours’ exposure to dry heat at 132®C. 
Instruments and small articles mn be ar- 
ranged on a rack where they arc quickly 
heated to sterilizing temperature by radiant 
energy 

SANmZATiaS BV DRY HEAT 

Dental instruments, such as hand pieces 
or burrs, present a spcaal pnDblcm m <ani 
tizabon ^ctenologically, the usual dental 
technic is not aseptic nor is it performed m 
a disinfected field, but terminal disinfection 
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is desirable to avoid spread of infection from 
patient to patient The corrosive action of 
moist heat must be av^oided to keep gears 
running smoothly and burrs cuttmg cleanly. 
The destructive action of moist heat on these 
instruments causes such a high mamtenance 
charge that many prefer not to disinfect the 
instruments at all ' 

These instruments can be cleaned imme- 
diately after use by operating them m a 
cleanmg solution of the foUo\Nting. 

xylol . . - 200 cc 

carbon tetrachloride . . 200 cc 

hqmd petrolatum USP . . 400 cc 

The cleaned instruments are then immersed 
in liquid petrolatum USP (heavy) and 
heated to 121° C m a sterilizer designed 
for the purpose. The period of exposure is 
two minutes when only a few instruments 
are sanitized. ^\TLen many instruments are 
put in the sterilizer, a period suiEciently 
long to permit the oil to regam its tempera- 
ture of 121° C is necessary. The thermal 
death time for wet vegetative bacteria in 

■ Parle, G L : Stenlizauon and Lubrication of Dental 
Hand Pieces, U. S Xcv Med Bull 71-955-959, 1945 
* ParLe, G L : Sterilization EffecUv-encss of a Hot Ox! 
Bath, y Dcnl Res 25,89, 1946 


Oil at 121° G IS 50 seconds,® The two mm- 

\ 

ute exposure provides an adequate factor 
of safety. The instruments are removed 
from the sterilizer ivith a dry transfer forceps 
and placed in a smtable contamer to cool 
and dram Residual oil can be removed by 
wipmg the sanitized instrument ivith a 
freshly laundered cloth The transfer forceps 
must be dry because moisture causes spat- 
tering of the hot oil due to the explosive 
ebullition of steam and combustible germi- 
cides carried on the forceps Alcohol, for 
example, may cause flash fires 

CHARRING 

Actual charrmg is another method of 
applying heat for the destruction of bac- 
terial hfe The microbicidal action of 
charrmg may be by actual bummg of the 
bacteria when a dry object, such as a culture 
tube, is held in a Bunsen flame for a penod 
not less than twenty seconds Usually, how- 
ever, a combination of dry and moist heat 
acts to destroy bacteria. The actual cautery, 
for example, generates steam in the appen- 
diceal stump and only bums the tissue after 
it has been dehydrated The same is true 
of the desiccatmg current applied by the 
fulgurating needle or radio scalpel 
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CHAPTER X 


STERILIZATION OF DRESSINGS AND DRY GOODS 


StiTgtonJ or* constantly encomtermg pnhUms oj stpsis astpsis and antxstpsxs In spiU oj this /ad, thtrt art 
too mary surgtms who know too littU about baOma and thttt habits JVithout astpsu pradwally tht wholtjidd 


</ dtdiDt surgery would coUapst 


— MM ZiNNiNQEH, 1943 ^ 


The routmc sterilization of dressings and 
dry goods presents problems m addition to 
th^ discussed m Chapters VII and VIII 
The dry goods must be packaged so that 
they can be haixiled by unstcrilc mdividuals 
and stored until needed The wrapper must 
pcnnit ready penetration by ffteam, yet 
must be mechanically tight so that careless 
fingen or vermin are excluded Ideally, 
the package should be suffiaently large to 
contam the supplies for a surgical procedure 
stacked in such fashion that when the pack- 
age is opened, the contents present m the 
order m which they arc used This 13 im- 
portant because it avoids the long pre 
operative set up dunog which supplies arc 
exposed to an* borne contamination and 
subjected to repeated handling while they 
arc being rearranged to suit the convcmcoce 
of the scrub nurse. Finally, the wrapper 
must provide a sterile field for the contents 
when It IS opened by an unstcnlc indmduaL 

To satisfy bactcnologic requirements, the 
period required for steam to penetrate the 
largest bundle must be known This factor 
IS as important as determining the quality 
of steam bang used m the sterilizer because 

^ Tlmilng ef M. M. Editarlil, B»cteri* lod tbe Scr 
KWD, Gy>u C/ 0*, 76i635 1943 B 7 pcnnl*Ioo 
Smtej Gymdty 9 OktUina 


the best microbicidc is useless unless it 
actually contacts all the bacteria m the 
package. To insure sterilization c£ dry 
goods, ngid standardization of packaging 
must be enforced otherwise, the most 
coosacntious operation of the sterilizing 
equipment itself is futile 

A good example of such standardization 
u the laparotomy kit, figure 76, 8 The ht 
weighs 8 6 kg and is wrapped m a single 
package, 55 X 33 X 22 cm., m such a 
manner that saturated steam contacts the 
entire contents withm fourteen mmutes 
after the temperature in the exhaust line 
rises to 121®C, figure 59 Die size, shape, 
and internal arrangement of the package 
contribute to this result. 

The general principles of packaging the 
laparotomy kit arc depicted The wooden 
trough, figure 75, 7, limits the yizf and 
shape of the package to standard diTrirnmo pg 
which permit uniform penetration. It also 
yields a package which fits the stcrihzmg car- 
nage best, figure 103, 2 The wrapper IS made 
from tvro cnglc bed sheets (160 X 228 cm.) 
folded crosswise and mtcrlcavcd pamphlct- 
likc to form four thicknesses, 160 cm long 
and 120 cm. wide, figure 75 , 4 The package 
18 tied with three meters of no 1 awning 
line applied as a littfary tic The cord is 
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prepared by throwing a simple overhand 
knot at one end to prevent fraymg A loop 
knot with a loop 7 cm long is bent on the 
other end, figure 75, 2 The wooden trough 
is then placed on a nurse’s table m the 
identical position m which the stack of sterile 
goods IS wanted at operation The cord is 
placed m the bottom of the trough with the 
loop protrudmg roughly 60 cm from the 
left of the trough, figure 75, d The folded 
sheets are next draped m the trough with 
the folded edge away from the operator and 
the shortest leaves of the sheets uppermost, 
figure 75, 5 The sheets should be arranged 
in the trough so that the whole table is 
covered, figure 75, 6, 7 They will then serve 
as sterile drapes when the package is opened, 
figure 142 The supplies needed durmg the 
operation (sponges, abdommal packs, addi- 
tional towels, final dressmgs) are arranged 
on the bottom layer, figure 76, P Those re- 
quired earher are put on top The laparot- 
omy sheet, fan-folded and roUed to afford 
easy drapmg, as shown m figure 79, is put m 
the center of the second layer, figure 76, 10 
This sheet is the key to successful steriliza- 
tion because when properly folded and 
rolled, and suitably located m the bundle, 
it provides channels for ready penetration 
of steam to the center of the bimdle and thus 
It subdivides the larger package mto five 
small sections, figure 76, 5 Three folded 


gowns sre piled to the right of the laparot- 
omy sheet, figure 76, 11 The nurse’s gown 
is placed on top of the towels to the left of the 
rolled sheet. Towels, folded for drapmg 
the skm, figure 96, 1-6 are piled on top of the 
laparotomy sheet and the bundle is snugged 

together, figure 76, 72 

The two uppermost leaves of the wrapper 
are brought across the top of the b^dle, 
figure 76, 13, and 77, 18b, and a sm^ cuff is 
turned back 76, U to provide a safe finger- 
hold for the unstenle nurse as she un\waps 
the kit, figure 142, 5 The folded edge of the 


wrapper is then pulled toward the operator 
and the edge is cuffed back as it is tucked 
mto the crevice between the pile of supplies 
and the lower leaves of the wrapper, fig- 
ure 77, 15 and 18c The outer leaves of the 
wrapper are brought over to finish the pack- 
age, figure 77, 16, 17 The mterdigitatmg 
layers of wrapper insure against accidental 
contamination by careless hands or prowling 
vermin because anythmg inserted beneath 
the outer leaves is put mto the cul-de-sac 
between the folds of the inner sheet, fig- 
ure 77, 18d The bundle is completed by 
foldmg m the end flaps just as with any 
paper-wrapped package, figure 77, 19, 2D, 21 
The two ends of the cord are picked up m 
either hand, figure 78, 22, and crossed m the 
center of the package The loop is then 
caught over the left thumb and the long 
end held m the right hand, figure 78, 23, 
and as the package is lifted from the trough, 
the long end is earned about the package, 
figure 78, 24, 25, and inserted through the 
loop, figure 1%, 2j6 The cord is pulled tight 
and a smgle bow knot is tied, figure 78, 27, 
28, 29 The kit is then labeled with a soft 
pened,* figure 18), 30 If the package is 
properly wrapped, it can be opened by an 
unstenle nurse without danger of con- 
tammation because the wrapper opens out 
from the sterile field and its contents are 
instantly available m the order m which 
they are required durmg operation 

Tlie use of ties rather than pins is desirable 
because the life of the cloth wrappers is 
prolonged and pinholes which mvite con- 
tammation are avoided It also prevents 
tight wrapping which makes penetration 
difficult for steam No 1 awnmg hne has 
been found most suitable for large packages, 
while spool tape has been found more 
economical and satisfactory than twme for 
small packages 

* “Venus” 6B, Amencan Pencil Company 
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PLANS FOR SURGICAL DRAPES 














PLAN FOR SURGICAL GOWN 
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Figtoe 89 


A drape for the fluoroscope is illustrated 
m figure 87, 7. It is designed to fit a stainless 
steel fi:ame, figure 87, 2, that slides over the 
edges of the fluoroscopic screen to hold the 
drape in position and provide a guard to 
keep stenle fingers and instruments OS' the 
unsterile glass while the screen is manipu- 
lated in the dark. 

The dra^vst^ing at ;tr, figure 87, 4, is 
fitted mto the groove at the closed end of 
the frame, figure 87, 4, 5, before it is forced 
into the groove along either side, figure 87 , 6 
The draA\-5tring is pulled taut to spring the 
arms of the frame together shghtly and is 


secured by a surgeon’s knot, figure 87, 7 
The \\mgs of the drape are then overlapped 
across the center, figure 88, 8, and about 
one third of the tail is folded over the \vrngs, 
figure 88, 9 The square formed by this 
fold is then turned over on top of the frame, 
figure 88, 10, and the assembly is packaged, 
figure 88, 77, for sterilization m a muslm 
^^Tapper, figure 87, 3 

The most frequently used sponge is folded 
from a smgle thickness of gauze, figure 89, 7, 
37 X 42 cm Approximately 2 5 cm of 
both ends are folded in, figure 89, 2, so 
that no loose ends present m the final 
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The 5 X 40 sponge may be knotted to 
make a firm swab for disinfecting the skin 
by wrapping it around two fingers and a 
thumb, figure 90, /, 2, 3, and poking the 
outer end through the eenter of the roll, 
figure 90, 4, 5 Six of these knotted sponges 
are included in each kidney basm in the 
basin kit. 

Individual sponges are reliably sterilized 
in a muslin bag, figure 90, 6, fitted with a 
drawstring, figure 90, 7. A number of these 
bags may be plaeed in a larger one and 
sterilized together The sponges are readily 
dispensed by placing the small bag inside a 
can, figure 90, 8; opening the drawstring, 
figure 90, 9, and turning the bag down over 
the edge of the can, figure 90, 10, 11. The 
lids of these cans are sterilized in a steam 
sterilizer as arc instruments 

Flats, small flat sponges suitable for dress- 
ings, arc made exactly like those described 
above, figure 91, 1 to 5, except that the 
original gauze is but 35 X 42 cm m size 
and the final folds are transverse, figure 91, d, 
so that the resulting sponge is 10 cm square, 
figure 91, 7 Four flats are included in 
each laparotomy kit for use as the final 
dressing 

Mikulicz pads, used chiefly for walling 
off the viscera in abdominal surgery, are 
made of gauze, 84 X 90 cm, m size. This 
gauze is doubled, figure 92, / It is then 
folded longitudinally to a width of 22 cm 
with the rough edges on top, figure 92, 2. The 
gauze IS then folded transversely so that the 
selvedge edges approximate, figure 92, 3, 
and the open edges are stitched together 
Some surgeons prefer to have a sheet of 
waterproof eellophanc stitehed between 
the layers of gauze A loop, made of tape 
50 mm wide and 7 5 cm long, is then 
stitched to one comer of the pad, figure 92 , 4 
These pads arc folded into quarters for 
sterilization, figure 92, 5, 6, and the comer 
with the loop IS turned back so that it 


presents, figure 92, 7, Two of these pads arc 
included in one of the small basins m the 
basin kit and six are placed in the bottom 
layer of the abdominal kit, 

A uterine pack is made of a piece of gauze 
15 cm wide and 6 meters long The rough 
end and edges are turned m approximately 
3 cm , figure 93, 7, 2, and the gauze is 
folded longitudinally toward the middle to 
make a strip 4 cm wide. This long narrow 
strip is gathered into 10 cm folds, figure 93, 
4, 5, and inserted mto a cylindrical can 
One end is left protruding, figure 93, 6. 
The can is packaged in a muslin wrapper. 
At operation, the can is held above the 
field and the surgeon teases the strip out of 
the can as he packs the uterus 

For intricate dissections, a small sponge is 
most convenient The “tip,” figure 94, 8, is 
often used for this purpose It is made of a 
single thickness of gauze, 22 cm square. 
One edge is folded in for a distance of 2 cm,, 
figure 94, 1, 5 5 cm of the parallel edge is 
folded over, figure 94, 2 The gauze is 
folded longitudinally once more so that the 
5 5 cm fold overlies the rough edge of tlie 
2 cm fold, figure 94, 3 One end is then 
folded inward so that the crease makes a 
60° angle with the 2 cm cuff, figure 94, 4, 
Enough of the opposite end is folded m at 
a 120° angle so that the comer of the 5 cm, 
fold approximates the junction of the thirds 
of the 2 cm border. The 120° angle crease 
IS approximated to the remainder of the 
5 cm border and the protruding end is 
tueked into the resulting fold, figure 94, 6, 7. 
Fifteen lips are packaged together m a 
muslin wrapper 

In neurological surgery, small pledged 
of absorbent cotton, known as “patties, 
are used. They are made at the operating 
table by matting fibers of absorlicnt cotton 
under saline solution, figure 95, 7, 
strips of the desired width, figure 95, 2 
The rough ends arc grasped iDCtwcen the 
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thumbs and the fingers, figure 9o, 2, and 
the strand of fibers is turned over &e 
thumb, figure 95, 5, and squeezed dr^*- The 
cotton strip is turned over ^d ^e ra^e 
ed-e is grasped be^veen the thumb ^d 
hncrers fiomre 95. 4 , and the patue is folded 
i e *umb, figure 95, 5, 6 Tfie Slushed 

TDattie is squeezed dr>-, figure 9d, /- 
^ Brfs- Eve Diupers, 45 X 91 cm make 
most -sarisfactcrj- to.els for drapmg. 


They are folded in half longitudmafiy. 
figure 96, 7, then m half transv^ 
figure 96, 2, and again trans\^^ely 
half, figure 96, 3 Six toivels folded on ^ 
more, figure 96, 4 , are packaged m a mus 
bn ura^per. figure 96, 5 Twelve tow* 
folded similarly are included m ^am a 
dommal kit For use as skin tow^, i 
convement to fold the to^^els so that tney 
are more accessible at operaUon 


Ficorz 95 


tiicy arc to be used diy, they arc folded as 
illustrated m figure 96, 1 to 3 The top fold 
IS then turned back as shown m figure 96 , 6 
Six towels folded in this mannex arc in 
eluded m the top layer of each abdominal 
If the slan toivcls arc to be applied \vct 


they are folded m half tnum'erscly, fig- 
ure 96, 7, and then pleated m quarters, 
figure 96, 5, 9, 70 They arc then fanfoldcd 
m the opposite direction and the lop ti\’o 
comers turned back, figure 96, 77, 72 The 
small cze of the towel makes wringing out 








of excess fluid easy and the turned back 
coniera aid m unfolding 
Adequate masks can be made readily 
The one m figure 97, 7, is more suitable for 
surgery The strings are gathered mto the 
hollow of the mask, figure 97, 2, and the 
mftdf IS folded longitudinally m thirds, 
figure 97, 3y 4 It is then folded m half 
transversely, figure 97, 5, and six or eight 
mflda arc tied together m a bundle for 
itciilization, figure 97, 6 The masks arc 
easily tied about the fiicc After they have 
been comfortably adjusted, the top edge, 
where it passes over the bndge of the nose, 
should be turned denvn for 6 rrim. to prevent 
It from slipping down, figure 97, 7 If 
spectacles arc worn, a strip of copper or 
aluminum may be inserted mto the hem 
along the upper edge of the mask, figure 97, 
and the top edge may be bent to conform 
to the nose, figure 97, P, so that expired 
air 18 deflected and does not fog the lenses, 
figure 97, 10 The made illustrated m 
figure 98, 7, finds most ready acceptance 
for commumcable disease control,* although 
many like to wear it m the operating room. 
It IS folded by approximaung the comers to 
^duch the strings are attached, figure 98, 2 
Ihe resulting triangle is folded m half, 
figure 98, 3, and then m quarters, figure 
98, 4 The strings arc wrapped about 
the mask as shown m figure 98, 5, d A loop 
of the string near the end is tucked m, figure 
98, 7, 8y 9, so that the strings can be undone 
readily, simply by pullmg the loose ends 

The colon used m the operating room 
contribute greatly to the comfort and effi 
cimey of the surgical team. Colors which 
absorb light and reflect little of it permit the 
UQximuni illumination of the operauve 
field without causmg constnction of the 
pupils and easy fatigue of the eyes. The use 

‘McNctt E. Ellboh B. M B*at PrvtafiUs tj 
TtAoftt Astl-tubcTCuk«b of aevcUi»d 

“d CDTihog* County 1542, p. 18, 


of colored Imcn is an effectual w-ay of 
enabhng the surgeon to use mtense illumma- 
tion without causmg constnction of his 
pupils, wiuch would limit his \’ision to the 
central area of the retina- 

The chief entenon for selectmg a color, 
other than the correct optical property, is 
that the dye can be applied to cotton tex- 
tiles dunng laundcnng This tcchnic is 
economically advantageous because the 
hospital can purchase unbleached muslm 
from which to make its drapes and gowns 
and ordmaiy bed sheets for stenlc wTapi- 
pers. The hospital laundry can d)^ them 
initially and mamtam them m ideal optical 
condition simply by substituting a dye for 
the bleach usually used m the laundcnng 
process 

For example, after the textiles have been 
washed and thoroughly nnsed without 
sounng, 20 cm- of water (200 liters) at 
70®C arc added to the washer The wash 
water is adjusted to a pH just abo%'c seven 
and while the wiish wheel is tummg, 75 gm- 
of Enc Fast Grey Dye, * previously dissolved 
in hot water, arc added for each 50 Lg of 
wash The wheel is run for fifteen minutes. 
Then 250 gm- of common salt are added and 
the wheel is run for ten additional minutes 
The load is then cooled, by flushmg wath 
cold water, and extracted If the textiles 
arc dyed every eight or ten times through 
the laundry, uniform color can be mmn 
tamed readily If green is preferred, 100 gm- 
of Enc Green, G Y concentrate, may be 
substituted for the Enc Grey 

Surgical supplies arc usually stcnlucd In 
steam jacketed autoclaN-cs, kno^^■tl as ‘dress- 
mg sterilizers” which differ from the simple, 
single-shell autoclav’c used m the expen- 
ment illustrated m figure 54 Dressmg 
sterilizers arc designed so that steam under 

National Aniline EHviiiQei, Allied Cawmical A Dye 
Corp,, 150 Camoray Stre e t, Bonoo, Man. 
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CUTAWAY SHOWING STEAM JACKET 



pressure can be adniitted. to the space be- 
t^^^een the jacket and the chamber waU to 
heat the latter to the temperature charac- 
teristic of the steam and thus to prevent 
condensation on the inner surface of the 
chamber, figure 99 The hot chamber waU 
also aids m drymg the load after stenhza- 
tion has been completed Temperature 
studies made m such a sterilizer are mis- 

[ 


leadmg because they may reflect the heating 
effect of the hot chamber wall rather than 
the heating efficiency of the steam within 
the chamber Similarly, the fact that dress- 
ings are hot when they are removed from a 
dressmg sterilizer does not mean that they 
are sterile For example, a dressing sterilizer 
can be closed and steam turned mto the 
jacket but not mto the chamber which con- 
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RESIDUAL AIR HINDERS STERILIZATION 


verts the stenhzcr into a hot-air oven. 
The contents of the chamber eventually are 
to the temperature of the chamber 
wall but that temperature is not lethal 
when hot air is used as the heat transfer 
agent A comparable situation exists when 
steam IS adniitted mto both jacket and 
chamber at a pr ess ure of 775 mm. Hg 
gage and the air is not permitted to escape. 
The air and steam mixture stratifies ini 
tiaDy but soon becomes homogeneous as 
It is heated by the jacket Ultimately, it is 
superheated (I3°C superheat, relative hu 
midity 33%) and beromes a slow acting, 
unrchahlc bactenadc 

Regardless of the type of steam stcnlizcr 
used, gravity air clearance is dependable 
because both the air and the air and steam 
mixtures discussed arc heavier than satu- 
rated steam under similar pr e ss ure. (Dcnsi- 
tes m kilograms per cubic meter at I21®C 
at atmosphenc pr essure, air ■* 0 845, steam 
“ 0.598, under 775 mm. Hg pressure, 
air = 1 96, steam -115) 

RULES FOR THE STERILIZATION OF nRESStNOS 

The essentials for the sterilization of dress 

EFFECT OF AIR ON BUNDLE TEMPERATURE 




mgs have already been discussed m Chap- 
ter VII The only additional concept which 
must be thoroughly understood is that 
saturated steam must reach the least acces- 
sible spore m the depths of the bundle to 
insure sterility Areas where steam does not 
paietrate arc not moistened and simul- 
taneously heated enough for sterilization. 
Contrary to popular noQoa, it is the lower 
portion of each bundle rather than its 
center which is the most difficult to heat m 
a sterilizer that is not functioning properly 

Four factors assure the development of 
moist heat throughout a bundle 

7 ELxmnatxon oj axr 

The clearance of air from bundles de- 
pends upon convection currents set up by 
the difference in density between air and 
steam, figure 35, and the enormous collapse 
m volume which occurs when steam con 
dcnscs, figure 36 Figure KW illustrates the 
efficacy of gravity air clearance m removing 
the air, not only from the chamber but also 
from the load One third of the air ivas 
removed from the chamber by a 500 mm. 
Hg initial vacuum Steam was then ad- 
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WATERTIGHT CARRIAGE PREVENTS STERILIZATION 




nutted under a gage pressure of 750 mm 
Hg The residual two thirds of air was 
retamed by closmg the air exhaust line The 
temperatures at the top of the chamber, 
figure 101, 7, and top of the bimdle, figure 
101, 2, rose as the light, hot steam stratified 
at the top of the chamber and compressed 
the residual air downward The tempera- 
tures of the bottom of the chamber, fig- 
ure 101, 3, and bottom of the bimdle, 
figure 101, 4, remained low because the cold 
air that was present prevented contact with 
the steam 

In this experiment, spores in the top of 
the bundle were sterilized while those m the 
bottom escaped destruction because the 
air protected them from the steam When 
the air was permitted to escape by opemng 
the air ejector shghtly, steam soon displaced 
the air, establishing sterilizing conditions 
throughout 

Despite the fact that one third of the air 
was removed by drawmg an initial vacuum 
of 500 mm Hg, a widespread custom, the 
remammg two thirds of the air prevented 
sterilization until it was permitted to escape 
by gravity The fallacy of the custom is 
obvious because gravity air clearance must 
be relied upon to nd the sterilizer of the 
residual air which mterferes with steriliza- 


tion The expense of vacuum equipment 
and Its cost of operation are needless. 

An obscure way of trappmg air in bundles 
of dry goods is to mclude basins or other 
objects which might, by chance, be posi- 
tioned right side up m the sterilizer, fig- 
ure 127, 8 and P, or by attempting to 
stenlize bundles of dry goods m a stenlizmg 
carnage, figure 102, m which impervious side 
walls and bottom prevent the escape of air 

2 Proper ivrapping in permous wrappers 

A widespread abuse is the use of sterilizing 
drums These contamers invite overcrowd- 
mg m that they are usually packed as are 
suitcases, any given number of dressings 
being mcluded as long as the lid can be 
jammed shut Even under ideal conditions, 
they mterfere with the free interchange of 
air and steam and delay sterilization, 
figure 57 Packages made up of folded textile 
are frequently too dense for prompt pene- 
tration The same is likely to be true o 
large packages where the mtemal arrange- 
ment IS not planned to provide for e^ 
penetration Paper-wrapped packages o 
not clear air promptly because the paper is 
impervious, they are too difficult to sterilize 
in the usual dressing sterilizer to justify their 
use 
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3 ArcftdoTKf of supnhfaltng 

Careless operation of the sterilizer may 
result m superheating of the textiles, fig- 
ure 43 It must be guarded against during 
the fall and i\’intcr months by usmg freshly 
laundered Imen \shcrcvcr central heating 
decreases the humidity of the air sufBaently 
to desiccate textiles 

4 Careful loading 

It docs little good to israp pacl^agcs 
properly if they arc jammed mto the 
sterilizer so tightly that steam cannot pene- 
trate them Yet, jainmmg is almost a uni- 
\'ersal custom and m many sterilizing rooms, 
the attendants use a bar to lever the door 
shut In some hospitals, the sterilizer capac- 
ity is so limi ted that the necessary bulk of 
dry goods cannot be put through the sten 
lizerNsithoutjammmg It is stupid to expect 
sterile goods under such cooditions Ev-cry 
hospital should has-c sufTiaent sterilizer 
capaaty so that the sterilizers arc used only 
85% of the time the sterilizer attendants 
arc normally on duty 
The type of sterilizer carnage m use also 
influences loading The usual basket type, 
figure 103, 7, invites jamming because there 
is always room for one more package and 
the v.'dght of the load itself compresses the 
bottom packages and makes their pcnctra 
tion diflicult The ideal carnage has plane 
shdva, figure 103, 2, upon Nsduch articles 
to be ftcnlizcd can be placed The shelves 
arc made of expanded metal gnll or wire 
moh to permit free circulation of steam 
above and bclo\v the packages. Jamming is 
avoided automatically because shelves bold 
only 80 much and the excess fails off 
\Vhcn these four factors are observed, the 
only three rules that need be enforced arc 

7 All dresrings and dry goods must he 
h^ore they are released Jot use in aseptic itchne 
Lack of time is no excuse for thppmg some 


past or merely through an open double- 
ended sterilizer In one of the largest hospi- 
tals m the coimtry, the nurses could sterilize 
only one quarter of the supplies durmg thar 
7 to 7 p M tnek. The remaining three 
quarters cv’adcd sterilization and reached 
the operating rooms on time through the 
efforts of V.VO highly praised orderhes ivho 
earned on the mght shift Six times the 
original sterilizer capaaty had to be m 
stalled to permit nurses to sterilize con 
sacntiously all the supplies It is cnminally 
false economy to permit nurses to salvage 
unused supplies from one operation for use 
in a succc^ing procedure There can be no 
compromise with safety 1 

2 All supplies must be packaged so ihai siertltga 
lion IS certain after thirty minutes’ exposure to 
saturated steam at 127°C 

This exposure should be made standard 
practice. Smaller packages arc not damaged 
by excessi ve exposure Standardization chm- 
mates confusion and guarantees sterility of 
the largest bundle. 

Wet dressings arc usually an indication 
of faulty stenlizatioD An improper vent, 
figure 46, or a jxxjrly installed steam port, 
fig^irc 50, may permit condensate to dnp on 
dressings An oir bound jacket or one full 
of condensate due to back pressure m the 
steam return, figure 53, may cause excessive 
condensation and moist dressmgs If a 
sterilizer has not been leveled properly, 
condensate may pool at the rear of the 
chamber and moisten dressings m this area 
This can be checked easily by pourmg a 
glass of \vatcr mto the cold chamber and 
noting whether if drams away pro m ptly 
through the dram port The two chief 
causes, however, arc failure to clear aH 
the air and tight wrapping or ovoloading 
When air is trapped m a sterilizer, steam 
condenses at the iteam-air interphasc, fig 
urc 101, and a miniature ram storm occurs 
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in the itratificd air When dressings arc 
VkTapped too tightl) or jammed mto the 
itcrfljzcr, hcatmg conduction occurs 
because steam cannot flo^v mto the dense 
fabnc The energy exchange occurs at the 
surface of the padkage instead of uathin 
the depths of the bundle and condensate 
\srt3 the outer la^-crs, forming a ^^’ct shell 
which further hinders heating by convcc- 
tiom* 

J ammin g a stcnlizcT too full by dosing 


the door against the load will cause conden- 
sation m the textile m contact with the cold 
door 

3 Stmlizers must U operaled amscimtiously by 
uiUlltgenty well trained persormel w ho recognize 
the duty as the major portion of their job 
rather than as an aggra\'atmg chore that 
prolongs their normal working hours 

•Rubxzji,M. hlodau Steam SteriIiz3tiontJu4M.A^ 
60 1344-1348, 1913 
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CHAPTER XI 


CARE AND STERILIZATION OF INSTRUMENTS 


Again, if an instrument gets soiled — say, by falling on the floor during the operation — one often sees the 
nurse or attendant pick it up with special tongs, lift the lid of the sterilizer, dip in the instrument for a few seconds, 
take it out, and bring it to the surgeon as sterilized' This is not an imaginary occurrence^ it happens with great 
frequency, and it must be carefully guarded against' 

— Sir William Watson Cheyne, 1925 * 


THE CARE OF INSTRUMENTS 

Proper care of instruments is of para- 
mount importance for satisfactory per- 
formance and long life Few surgical instru- 
ments wear out The majority are destroyed 
by faulty cleansmg and markmg, improper 
sterilization and storage, careless handlmg, 
or by misuse Markmg an instrument on 
the lock, for example, figure 104, 7, may 
cause It to bmd or may work harden the 
metal m the area about the impnnt so that 
fracture subsequently occurs The jomts of 
dehcate hemostats are cracked by careless 
use as pliers, figure 104, 2, light scissors are 
irreparably sprung when used to cut heavy 
bandages, figure 104, 3, the edges of peri- 
osteal elevators are dulled \vhen pressed mto 
service as screw drivers, figure 104, 4 

It is almost impossible to clean mstru- 
ments manually Soil that accumulates m 
the serrations of the jaws, the lock, and 
catches of the instruments hardens during 
sterilization and mterferes with function 
Some of this soil can be removed by scrub- 
bmg MTth soap and water but that caught 
m the lock cannot be removed manually 
Inaccessible soil must either be leached out 

j Cheyne, IV W Ltster and His Achievanent London 
Longmans, Green S. Company, 1925, p 119 


by soakmg m a smtable detergent or by 
sterilization m the instrument washer steri- 
lizer Instruments must not be cleansed with 
abrasive powders and soaps because they 
scour oflf the protective film and are in- 
effective m removing the sod from inacces- 
sible surfaces A cabinet of shmy mstruments 
mdicates willful destruction of surfaces 
which were primanly mtended to resist 
corrosion, not to lend eye appeal 

Corrosion is the important cause of deteri- 
oration of instruments The most destruc- 
tive kmd of corrosion progresses whde the 
instruments are stored This occurs because 
the locks and catches of mstruments cannot 
be dried manually The film of water that is 
left m the lock is particularly corrosive be- 
cause the stud or the opposmg metal sur- 
faces m the lock are seldom finished to make 
them corrosion resistant The only way 
instruments can be dried sufficiently to pre- 
vent this type of corrosion is by dry heat 
After instruments have been cleansed an 
nnsed, they can be dried readdy by ex- 
posure to the hot air over a steam radiator 
or steam sterdizer If neither source of ty 
hot air IS accessible, the instruments can c 
arranged on a tray and placed in the cham 
ber of a dressing sterdizer Steam is dicn 


ABUSE OF INSTRUMENTS 
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rosion accumulate in the lock This dirt 
usually represents blood or pus which has 
hardened and baked on during repeated 
sterilization. It can be removed most satis- 
factorily by working a few drops of ten per 
cent liquid soap mto the joints and then 
nnsing with clear water If stiffness is due to 
corrosion or mechanical damage to the 
instrument, emery paste must be resorted to. 
Instruments should be handled mdividually 
or m small lots to avoid damage due to 
extraneous forces applied either by the 
sheer weight of a mass of instruments or by 
entanglement in a haphazard heap. 

CORROSION OF METAL INSTRUMENTS 

Metal instruments present problems 
largely because of the corrosive action of the 
atmosphere on instruments in storage, the 
damage by various chemical contacts in the 
operating room, and the action of moist heat 
used for sterilization. Corrosion can be 
reduced m several ways The most widely 
used technic is that of protecting the steel 
from which an instrument is made by coat- 
mg or platmg it with a thin fihn of corrosion 
resistant metal 

The effectiveness of protective coats de- 
pends not upon the luster or finish of the 
areas where the surface is perfect but upon 
the unavoidable discontinuities in the pro- 
tective coating^ Electroplated metals are 
deposited with characteristic breaks or 
pores at the bottom of which basic metal 
IS exposed. The perviousncss due to tins 
cause vanes with the method of plating 
but with any single method it tends to de- 
crease with the thickness of the coat Nickel 
plating probably forms the best protecUve 
coat but It is not pleasing because it tar- 
nishes due to the formation of a foggy film 
of nickel oxide which is really the protecUve 

5 Evans, V R Metallic Corrosion, Passivity and Protec- 
tion, London Edward Arnold and Company, 1937, pp 
546-560 


film Chromium, widely used because the 
chromium oxide film that forms has a 
bright luster and high color, and hence sells 
best, IS m reality porous and brittle Cad- 
mium has a bright resistant surface which is 
somewhat rough It is attacked by body 
fluids and may be toxic Copper is deposited 
as a soft continuous surface which protects 
the underlymg metal well but which dis- 
colors and oxidizes readily and is not pleas- 
ing It is frequently used as a basic coating 
to afford maximum protection, otlier metals 
being superimposed to give tlie instrument 
sales appeal 

Other discontinuities in the protective 
coating are caused by cuts made through 
the coating by abrasion in service The risk 
of this happening diminishes with the 
hardness of the protecUve metal and de- 
creases as the coating is thickened The pro- 
tecUve coatmg of most instruments is 
broken by thoughtless ownership marks or 
trade marks which are imprinted after the 
coatmg has been applied It is paradoxical 
that the proud “sold by” really means 
“destroyed by ” Some cuts in the surface 
are unavoidalole due to the design of locks, 
catches, etc , which makes it impossible 
to deposit a satisfactory protecUve coating 
mto inaccessible crannies 

Discontinuities occur through portions 
of the protective coating being rubbed off 
by abrasion m service Some abrasion can- 
not be avoided but the daily scouring of 
mstruments amounts to willful destruction 
of the resistant surface Repeated scouring 
often lays bare whole sections of non- 
resistant steel. Poor adhesion between tlic 
coating and the basic metal increases the 
likelihood of damage due to abrasion This 
IS particularly true of chromium plntc 
mstruments when an adherent undercoat 
has not been used 

Spontaneous peeling of the protecUve 
layer due to internal stresses is another 
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cause of corrosion Platings which do not 
adhere well to the underlying metal, such 
as chromium deposited directly on steel, 
give nse to this difficulty 
Orackmg of the protective coat when the 
imderlymg metal is bent often results m 
ccfficmom The danger of crack in g increases 
with the thickness of the plated film and 
with Its brittleness, hence, the pracocal 
coat IS often a compromise m that a thin 
layer is applied to prevent cracking and 
peeling, whereas a thick hard coat should 
be apphed to prev en t abrasion, easy cutting 
m service, or to avoid pores 
Sharp edges, bends, and hollows do not 
take sound platmg because density of the 
clectnc current abwt such areas \'anc3 from 
the ideal necessary to deposit an adherent, 
nonporous protective coat Because impact 
shatters protective*coats, edges and erposed 
luxfaccs frequently break doisn 
Modem developments in nickel plating 
yield surgical mstruments with a relauvely 
impcrvioia coating which has the dtsadvan 
ta^ of bang soft (easily abraded) and fog- 
ging readily m humid atmospheres Above 
a critical humidity (79% relative humidit>) 
the oxidation ctf sulfur dioxide, a frequent 
impunty m the air \vherc coal is used as a 
fuel, to lulfunc aad causes a condensation 
of Uquid which attacks the surface, formmg 
a dull creamy film of basic mckcl sulfate * 
Thn action is accelerated by light 
Because of its resistance to tarnish, chro- 
niium has largely supplanted mckcl as a 
finuh for instruments This property is due 
to an mitial lusccptibihty to oxidation which 
rtsulta m the spontaneous formation of a 
thin, continuous, transparent, insoluble film 
of oxide which renders the surface passive, 
■^^epeated destruction of the chromic oxide 
film by vigorous scouring causes rapid thm 
cf the underlying layer of chromiuriL* 

’VttJTOwWHJ The^FoCTtos" rfNlcfcd, J irt 
1932. 


Because of its resistance to tarnish, it is 
often erroneously assumed that chromium 
ivill p reven t the erosion of underlying 
metals such as stcek As commonly deposited, 
hoiN^vcr, electroplated coatings are some- 
what porous In addition, chromium plate 
contams numerous fine cracks caused by 
the contraction which accompanies the 
escape of hydrogen dunng plating If 
chromium remained m its active state, it 
would protect the steel by sacnficial corro- 
sion of the coating as do cadmium and 
zme ‘ The formation of a passive oxide 
film^ however, may cause accelerated corro- 
sion of the exposed iron instead of retarding 
iL This type of chromium platmg, often 
used on cheap instruments, will not with- 
stand repeated stcnhzauon 

When a chromium surface is desired on 
steel as a protection against corrosion, it is 
common practice to dqxmt other metals 
first, such as nickel, or successive layers of 
copper and mckcl, so that underlying pores 
arc effectively plugged by the superimposed 
coatings, ivith a total thickness of about 
0 041 mm. The final mckel surface is buffed 
to a high finish and a thm coating of chro- 
mium, usually about 0 0005 mm. thick, is 
applied The undercoatings protect against 
corrosion the chromium mainfmn.^ the 
desired high luster 

The chief cost m the clectrodcposition of 
metals 15 the bufiing and cleansing of the 
surface pnor to platmg, and polishing the 
coating to a high luster A recent economic 
development is the art of bright platmg 
whereby electroplating is done under such 
carcfiilly contr^cd conditions that fine 
crystals, shorter than the wave length of 
light, are deposited so that the surface is 

* Bunc, W and Hooakxw O B. Pwmpia tf £IertF». 
Blatiaj New Yorit. VlcGraw-MlD Book Coenpany 1930, 

•Bldu, W,, Ba«ju3w», W P aad Baerctia, A. TBe 
PoTiaity of Ekctro-plated Chrotnhnn Coadngi, Bar 
5W. j R«,7i697 1931 
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used mostly in sheet form m the manufac- 
ture of utensils. It Is attacked by nitric acid, 
sodium hyposulfite, and sulfur-nch gas 
The latter weakness has caused no end of 
labor in utility rooms where feces stand in 
contact with a Monel metal bedpan and 
darken it 

The stamless steels are ideal materials 
from which to manufacture most surgical 
instruments Stainless steels are m reality 
steely colored metals which do not tarnish 
They owe their bright finish to a surface 
film of chromic oxide which forms sponta- 
neously whenever the old film is destroyed ® 

There are many types of stainless steels, 
each of which is alloyed because it has spe- 
cific properties which make it stainless, 
tamishless, rustless, corrosion resistant to 
various solutions, heat resistant, etc Each 
one has characteristics which influence its 
fabrication. Some are ductile and can he 
drawn; others are suitable for machining; 
others can be cast or forged; some weld 
.easily, others can be hardened to hold a 
cutting edge Any one instrument may be 
made of several types of stainless steel, each 
one selected by a skillful manufacturer be- 
caase it contributes something to the wear- 
ing qualities or function of the instrument 
or because it provides for easy fabrication 

The most generally applicable steel is 
that commonly called “18 and 8” which 
was introduced in 1928. The tarnish resist- 
ance in this group Is an inherent charac- 
teristic The pollution of air with smoke, 
dirt, and waste gases presents corrosive 
condirions which few metals or alloys resist 
with as little change m color or loss of 
luster. It also resists the corrosive action of 
steam, water, and salt water. It is a soft non- 
magnetic metal which is easily worked It 
can be readily fabricated into all kinds of 
shapes; it can be spun, welded, riveted, 

* Thom, E E 77m B'/'J oJ Stainless Steels Cleveland 
Am Soc Met, 1935 


and soldered, so that there is practically no 
limit to the designs into which it can lie 
fabricated. It also can be cast readily m 
intricate shapes and is used for speculums, 
applicators, sounds, cabinets, operating 
room tables, sterilizers, and the like where 
temper, spring, and hardness are not impor- 
tant “18 and 8” has roughly the following 
composition 

Carbon 
Manganese 
Phosphorus 
Sulfur 
Silicon 
Chromium 
Nickel 


0 12% maximum 

0 30-0 60 

0 03 maximum 

0 03 maximum 

0 30-0 60 
17 00-19 00 
7 00-9,50 


This “18 and 8” group of steels cannot be 
hardened by heat treatment and higher 
tensile strengths are obtained only by cold- 
working. After annealing at high tempera- 
tures 1 50°C) and rapid cooling 

(quenching), they form a single phase 
austenitic solution and m this condition 
possess maximum softness and corrosion 
resistance If this alloy is heated above 
1 000°C, a second or carbide phase separates 
and an alloy which is less resistant to corro- 
sion is obtained For maximum corrosion 
resistance, as well as to relieve severe stresses 
formed during fabrication which cause 
failure because of crystalline corrosion, the 
“18 and 8” alloys must be annealed carc- 
fully. 

To overcome several faults of “18 and 8, 
various modifications have been made The 
addition of silicon increases the hardness 
and lends desirable welding qualities to the 
steel as well as inhibiting the suscepti- 
bility to intergranular corrosion Tungsten, 
Utanium, molybdenum, and vanadium are 
also used to inhibit intergranular corrosion 
The molybdenum enhances the genera 
corrosion resistance against many chemica s 
including tissue fluids and dilute saline as 
well as raising the tensile strength at high 
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tempcraturca, Columbiinn has been added, 
not only to retard the susccptibxhty to inter 
granular corrosion but also to prevent cor- 
rosion after reheating as occurs during 
welding, etc. 

In the operatmg room, the foUowmg sub- 
stances arc likely to be encountered which 
attack instruments made of “18 and 8” 

powder oxalk: tcid 
rairfnm hypochkntc talinc 

feme chknidc lodhim hypochlorite (Dabn • 

lodmc Solution, dorax) 

maxuric chlmdc 


Other commonly used chemicals which 


attack the alloy arc 

Kcdc acid and talt 
acetic vapor 33% aolaucm 
acetic vapcff 100% «3lutKm 
ammoohzm nl&te 
(phu 5% mlfuric 
acid) 
brazdae 
bnantn^ water 
carfaotic add 
carbon tetrachloride 
acf t i o n tetrachloride 
vapon refluxed 
chloracettc 


chlonocgaj — wet or dry 
chloro-rulfbmc add 10% 
copper chkx-Ldc 
fartme add 
hydnxhlonc tad 
hydrofiuonc add 
Itcdc scid tod nh 
pocajdum hypochlorite 
quiniae haultate 
caaerkrtut brine 
tea wata (rtagntni) 
fulfuric: tdd dilute 
trichlortthylcDe 100% 


Another type erf stainless steel alloy, the 
cutlery type, contains from 12% to 15% 
chrommm and fitjra 0^5% to 1% carbon. 
'Ihcsc steels harden upon quenchmg, have 
a martensitic or fcmtic mctallurgic structure 
and arc not suitable for drawing or forming 
Careful beat treatment and polishing arc 
necessary to develop their corrosion resisting 
properties. This group was among the first 
of stainless alloys to be popularized in 1914 
It u used m two chief types, the onginal 
cutlery type which contamed 


prtmdc for soimdncn and umvcrsality m 
characteristics 

Esstaiial EUmaii AssoaaUd E ltmtr Us 

carbon 0 7% riUcon 0 40% 

chromium 16 5 mangaucac 0 45 

sulfur 0 03 manmiim 

phosphorus 0 03 maximuiD 

A third type of cutlery steel of inferior 
quality is often manufactured fixim raw 
carbon-chromium iron and is cold rolled to 
harden iL 

It IS unfortunate that the cutlery type of 
steel has been called ‘ stainless steel” be- 
cause corrosion resistance is not an inherent 
characteristic and proper heat treatment is 
required to bring out the maximum corro- 
sion resistance m the higher carbon alloys. 

Fabrication of the cutlery type alloys is 
difiktilt They arc susceptible to surface 
seams and nonmetalhc mclusiODs 'Hus 
group of steels is not suitable for cutting 
metals It can be made reasonably hard 
but IS incapable of the hardness of high car- 
bon steels The best knife edge is one m 
which hardness and resiliency arc about 
equally propor ti onate The cutting qualities 
of stainless steel which has been properly 
hardened, compiare favorably with the best 
grades of carbon steel kmves In unsatis- 
factory knives, the fault is not usually m 
the steel but m the hardenmg Cutlers who 
arc accustomed to workmg carbon steel, 
which hardens at red heat (about 760'’O 
do not heat stainless steel suffiacntly high 
(lOOO^C) to harden it before quenchmg in 
oil In addition, stainless cutlery steels form 
temper colorings m a manner entirely 
different from carbon steels These colors 


Eantial EUmrtis AsnaaUd Elawtis 

'»rbon 0J5% iflicon 0 20% 

chromlam 13 50 iiumg»ne*c 0 35 

»ulfur 0 03 mxxlmum 

pbospbontf 0 03 mxxinimn 

snd the modified cutlery type developed to 


aie therefore unreliable for judging temper- 
atures, and salt baths or ovens must be used 
for draNving Ounng various manufacturing 
proc ess es , such as forging and machining, 
the steel must be softened so that it can be 


tabneated propcrl) Becatisc of sluggish 
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moJccuJar rearrangement during heating, 
heat treating operations must be carefully 
controlled and maintained for a consider- 
able period of time to develop the desirable 
characteristics of this group of alloys. At 
the end of the fabrication, strains incidental 
to fabrication must be relieved before the 
steel IS polished by holding it at a tempera- 
ture of 705°G and allowing it to cool in air. 
This group of alloys is exceptionally resist- 
ant to corrosion only m the hardened con- 
dition when a clean smooth surface is ex- 
posed. Aside from proper hardening, grind- 
ing increases corrosion resistance. Stainless 
steel is more difficult to grind than ordinary 
carbon steel. It dissipates heat slowly and 
“grinder scorch,” a yellowish-brown dis- 
coloration due to careless or unskilled grind- 
ing, occurs in local areas of frictional heat. 
These areas corrode readily. Wet grinding, 
finished by light dry grinding, is preferable. 
The grinding must be deep and thorough. 
Every trace of forge scale dccarburization 
must be removed, since remaining oxides or 
pits serve as batteries and electrolytic action 
is set up which readily spreads over the sur- 
face of the material. For finishing, the polish 
must be ground on, A burnished polish 
leaves the surface in a distorted state favor- 
able to staining and does not remove the 
scale and pits although the higher luster 
ol^taincd by burnishing is deceptive. This 
group of stainless steels does not resist; 


acetic acid vapor 
acetic anliydrJdc 
ricctonc 
alum 

aluminum fiulfatc 
ammonium Bulfatc 
aqua regia 
bromine 
raluum cliloridc 
c.-irbon tetrachloride 
chloracctic acid 
chloric acid 
chlorine 

clilorfiulfonic acid 


citric acid 
cupijc chloride 
dry battery mixture 
dye liquors (some} 

A me rliloride (as purchased) 

ferrous chloride 

formic acid 

hydiochJoric acid 

hypo (acid) 

iodine 

lactic -acid 

mercuric chloride 

oy.ihc arid 

phosphoric acid 


quinine bbulfatc Bulfuric acid 

quinine .sulfate nulfurous acid 

.sodium .sulfate tart.inc acid liquor 

sulfur chloride and ammonia trichloracetic acid 

Those commonly found in the operating 
room arc- 

carbon tetrachloride hypo (acid) 
chlorine mercuric chloride 

feme cloloridc trichloracetic acid 

Many have been disappointed to find tliat 
stainless steel instruments rust or corrode 
almost as badly as plated instruments, Ex- 
amination usually reveals that the rusting 
occurs at irregularly scattered points 
throughout the surface of the metal and 
that most of the objectionable discoloration 
is a surface film of rust which overlies a per- 
fectly smooth, steely surface. The small spot 
which is the source of the film of rust repre- 
sents a small bit of ordinary steel torn from 
the tool or die used to fabricate the instru- 
ment by the tough stamle.ss steel which 
work hardens badly This surface implant 
has no corrosion resistance and rusts. Care- 
ful manufacturers avoid such implants by 
frequent annealing to keep the steel soft, 
by using hard dies or nonferrous tools, or 
more often by removing the inclusions by a 
chemical treatment known as passivation. 
One of .several mctliods in use is to soak the 
fini.shcd instrument in hot 20% nitric acid 
for thirty minutes to leach out the inclu- 
sion. More successful methods involve tlic 
anode treatment of the stainless steel 
winch not only removes the inclu.sion but 
creates a smooth mirror-bright passive .sur- 
face. 

Dic-casl instruments made of “white 
metal,” a zinc alloy, or magnc.sium alloys 
will undoubtedly be seen more frequently 
in postwar instruments, WJiitc metal is not 
as suitable as llic magnesium alloys because 
it gradually crumbles under repeated stcri- 

r.ii'fi'iiT, T W I.lcrirfjpolislimfi — A 
on Today’s JVacticc, T/i^ Iron Af,e, Dcccmtcr 26, 
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hzaUan Magnesium or its alloys should 
not be implanted m tissue because they 
prompt a destructive foreign body reaction.^ 
Vitalhum is a recently mtroduced alloy 
of 65% cobalt, 5% molybdenum, and 30% 
rbrmnmm. It 13 a blight alloy which has no 
clcctnc potential m tissues and is therefore 
mert,“ its great fault bemg that it cannot be 
machined and must be cast and ground to 
shape. Casting defects occur fircquently 
which mterferc greatly with its strength 
and make it a disappomtmg metal to use 
Ticomum is another corruaion resisting 
alloy that is wcU teJerated when implanted 
in tissue.^* It is composed of nickel, cobalt, 
chromium, and molybdenum. 

Tantalum, one of the acid resisting ele- 
ments, IS mat m animal tissucs Because it 
a malleable and ductile, it is useful m 
alioplastic technic 

A less satisfactory but helpful technic for 
aveadmg cor ro si on is the modification erf the 
stcrflmng cycle to prevent as much c oiio 
non as possible, Tlie use of 0 5% to 2% 
sodium carbonate or 0 05% to 0 1% sodium 
hydroaodc as the stenlmng fluicl m non- 
pressure srtcnlu!:a:i inhibits corrosicm- The 
nmple expedient of bringing the water to 
the boiling pomt before i mn ni n mg mstru 
ments 13 also effective because the oxygen is 
dnven out erf solution and is no longer 
present to cause corro si on. In a steam 
sterilizer, excessive condensation on cold 
instrurooitB can be avoided by preheating 
the instrumciits m a itcrilirmg chamber 

ScHuii, R. Z. mod Walti*, CL W Magoatajpana* 
Pooniu^rinulantt, J Uyi & r«a«C,24 14S-152. 
1941 

B Vehablx, a S, Stwb; W O ai»3 Bcacs, A, The 
cn Bone cf the ri'ui.u.e of Metili upon 

Eicctpoljiij, An. 103 917 1937 

“ Oampull, E,, MmujwirY A, and Hvui, G 
Stufie* on Uie of Metab In Sargey’ Cocnpaiatlve I>ctcr 
m i n a t i a oj of Gyintiiridtr ^ Cortaln Metali In Ftbroblatt 
QiW, An 114j 472-479 1 941 

* PuDim, p_ H, Tbe Utc of Taotahim CBp« far 
Henottnh In Nctm»uifer 7 3 * 1*17 12j791-797 1942. 


With the door dosed and steam pr e ss ure m 
the jacket In this way, an infimtcsimal 
film of moisture forms dunng sterilization 
and rapidly evaporates when the steam 
pressure is rehev^ Incomplete air dcar- 
f^T)rr 6rom a steam sterilizer causes corrosion 
because the precipitation which occurs at 
the air steam mtcrface dissolves oxygen out 
of the air and accordingly has more electro- 
lytic action saturated steam 

RECOMMENDED TECHNICS FOR THE STERILIZA- 
TION OF INETRUUENTS 

There are several acceptable technics 
for the sterilization of instruments They 
will be discussed m the order of preference, 
fim choice bang those which arc foolproof 
nnd bactcnologically safest. 

The problem m the sterilization of mstru- 
mcDts 13 the rapid destruction of spores, 
many of which arc resistant to both physical 
and chemical agents, particularly when 
protected by a film of oil or a coatmg of 
protem To be rehablc under all condiuons, 
this procedure must be so rapid that attend- 
ants arc not tanpted to improvise shortcuts. 
Inconmuence, face saving, and impatience 
militate against any techmc which requires 
more than ten mmutes for completion 
Even that period is too long for cmcrgaicy 
sterilization. Instruments cannot be star 
bred reliably unless they arc op>en so that 
dicrc are no tightly apposed surfaces to pro- 
tect bacteria against contact with moisture. 

Many ignore sporefonners m the belief 
that they arc uncommon in the operatmg 
room. However, such organisms have been 
demonstrated postopcrativcly on 12% of 
the cutting instruments used m clean opera- 
tions and on 8 5% of the knife blada used 
for ikm masions The dust from operatmg 

**RiME»T»,K,,JofDOC»f \V W Md Btmxjttjt, H S 
Aicptk PcfltDocal C»vlt 7 — « Kltawnw Gym. 9 

Ob., 37 » 752 , 1933 . 
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room floors and shelves yields cultures of 
resistant, sporebearmg bacteria. Ineffectual 
terminal disinfection of instruments soiled 
with oil, feces, septic blood, or pus is a pro- 
hfic source of such contamination. 

PREOPERATIVE STERILIZATION 

The action of the instrument washer 
sterilizer, figure 109, is so rapid and satis- 
factory that it can be used advantageously 
for the preoperative sterilization of mstru- 
ments. It affords a convenient means for 
absolute sterilization 

Lackmg the above equipment, the most 
desirable technic for the sterilization of 
mstruments is the use of saturated steam 
either at 132°C or 121 ®C, the only advan- 
tage of the former bemg speed The instru- 
ments can be arranged on trays or wrapped 
m muslin wrappers and should be subjected 
to saturated steam at 121°C for a minimum 
of fifteen minutes If they are to be stored 
following sterilization or if corrosion causes 
difficulty, much of the wetness can be 
avoided by preheating the load of instru- 
ments for fifteen minutes before tummg the 
steam mto the chamber In this way, the 
instruments are heated by radiant energy 
to 121 °C and condensation is minimized 

A satisfactory but time-consummg tech- 
nic IS the use of dry heat The most apph- 
cable method is that of putting the instru- 
ments m the chamber of a dressmg sterilizer 
and closmg the door Steam is then turned 
mto the jacket but not the chamber and the 
mstruments are exposed to the dry heat for 
a minimum penod of four hours, or more 
convemently, overnight 

Nonpressure sterilizers, using boilmg 
water as the bactericide, are most frequently 
used for the sterilization of mstruments 
They are adequate for a technic of sanita- 
tion rather than sterilization but whenever 


disaster is inevitable. Certain precautions 
can be taken to increase their efficiency. 
Everythmg must be submerged and wet by 
the water Oil and grease must be kept out 
of such sterilizers and alkali can be added 
to make the water a more efficient bacten- 
cide. The sterilizmg period should not be 
timed until actual boilmg occurs The safe 
minimum is thirty mmutes’ boilmg unless 
alkali has been added to the water, then a 
fifteen-minute period suffices 

The chemical disinfection of instruments 
is discussed in Chapter IV. 

THE EMERGENCY STERILIZATION OF INSTRU- 
MENTS 

Even in operating rooms where instru- 
ment kits are adequately sterilized pnor to 
operation, there are opportunities for un- 
stenle mstruments to reach the operative 
field These breaks m aseptic technic are 
countenanced by surgeons because there 
have been no qmck, reliable methods for 
the emergency sterilization of instruments 
or the postoperative sterilization of instru- 
ments contammated with virulent bactena 
or spores The need for emergency sten- 
lization arises daily The exasperating delay 
which follows discovery of the omission of 
an instrument from the kit, the accidental 
contammation of a special instrument, or 
the request for instruments required by an 
unexpected change m operative procedure 
is farmliar m most operating rooms In many 
clmics, quick sterilization, boilmg for one 
or two minutes in a small electric sterilizer 
or chermcal disinfection, wipmg the instru- 
ment with a germicide, are sanctioned be- 
cause of the emergency In operating rooms 
where more thorough emergency methods 
are used, the impatient surgeon may stam- 
pede a timid circulating nurse into retummg 
an instrument to the operative field before 
it has been adequately sterilized 

Instruments can be sterilized quickly and 


sporebearers are unwittingly encountered, 
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cffiacntly for such emergencies m a specially 
comtructed pressure sterilizer equipped with 
accessones which permit the completion of a 
stcnlizmg cycle m less than four mmutes ** 
This striking decrease m the cycle is possible 
for two reasons. Almost all modem surgical 
instruments present nonporous surfaces and 
sterilization is strictly a surface phenomenon 
where time for penetration by steam can be 
omitted safely Because the thermal death 
time of bacteria decreases cjqxmentially 
With mcrcasc in temperature, a lethal 
penod, short enough to permit true cmer 
gency sterilization, is quite pracbcal when 
the temperature of the steam is raised to 
132°G 

Before placing instruments m such a steri- 
lizer, dirt and grease must be removed by 
scrubbing with soap and water and slushing 
m a fat solvent “Stod Sol” is a safe, effiaeot 
K^vent The clean oil free mstrumcnti arc 
opened and placed m the sterilizer on a 
paforated metal tray and the door is closed 
tightly Steam is then admitted to the cham- 
ber so rapidly that a sterilizing temperature 
of 132®C IS attained m forty seconds, 6g- 
ure 107 Spores of the most heat resistant 
organisms arc destroyed at 132^0 in two 
mmutes. An automatic, recy cling timer 
meters a consecutive sterilizing interval of 
three mmutes and signals that the load is 
*tcnlc and that the steam may be vented 
^*rc3surc m the chamber can be relieved 
almost instantly A detachable handle is 
then fitted to the stenlizmg tray and the 
mstnimcnts can be earned to the operative 
field without danger of dropping or con 
tammatmg them, figure 108 This techmc 
enables the circulating nurse to provide 
the surgeon with stcnle instruments m less 
than five minutes after thor need becomes 
apparent Because of the rapid action and 
fiigh temperature attamed m this sterilizer, 
•pottmg and common of mstnunents arc 
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E mer g en cy sterilization can also be done 
easily m the mstnimcnt washer sterilizer 
by putting just enough water into the steri- 
lizer to cover the instruments ITie water 
is quickly heated to 132®C, the air is purged 
from the sterilizer, after two minutes at 
1400 mm. Hg gage pr e ss ure, the pressure 
can be reheved and the instruments are 
ready for immediate use. This techmc is 
justified only if care is taken to clean the 
instruments thoroughly to remove all oil 
and grease before putting them m the 
Btcnhzer 


TER1£INAL STEIULIZATION OF INSTRU1IENT8 

A safe, rapid techmc for the cleansmg and 
sterilization of instruments consists of ex- 
posing them to superheated water m a 
stcnhzcr designed to remove the oil and 

*• WAi.Tt», C W Technic for the Rapul anH AtaeJute 
SterilhatiQn of Instrument*, Gjh. & 67x244- 

24*. 1938 Dr pcr ml idoa of SMrjay Gjjmalia ^ OhotTKi. 
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tray for emergency sterilizer 




scum from the surface of the water, leaving 
a monomolecular film of oil which can be 
sterilized The dirty instruments are col- 
lected m a stainless steel bucket directly 
from the instrument table by the scrub 
nurse responsible for the case, the only pre- 
liminary treatment bemg that of releasing 
the catches so that all surfaces are exposed 
The bucket is placed in the sterilizer over 
a baffle which forces water to circulate 
through perforations m the bottom of the 
bucket, figure 109 A steam coil, located 
beneath the baffle, supplies adequate heat 
for rapid sterilization and sets up convec- 
tion currents which carry the surface water 
toward an overflow at the rear of the steri- 
lizer The continual rise in the water level 
due to the expansion of the heating water, 

Langmuir, I Oil Lenses on Water and the Nature 
of Monomolecular Expanding Eilms, J Chanted Physics 
1 756-776, 1933 


carries the oils and the scum formed by the 

ood and pus over a knife edge overflow 
into a reservoir, whence it is discharged into 
me dram by a special ejector A suitable 
detergent and water softener is used in 
proper amounts to remove the soil and 
prevent the precipitaUon of a film of alka- 
ine earth soaps and salts on the instruments 
and inhibit corrosion The temperature of 
the water is raised to 132°C in seven min- 
utes, a trip valve automatically shuts off 
the steam and a signal light indicates the 
attainment of sterilizing conditions, fig- 
ure 110 After two minutes, the superheated 
water is rapidly drained into a flash tank, 
exposing the instruments to saturated steam 

” Hall, R E Washing and Cleansing U S Patent 
No 2,035,652 

Hall, G O and Schwartz, C Sanitary Value of 
Sodium Mrtaphosphatc in Dishwashing, Ind & Dig 
Cton , 29 421, 1937 
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for approximately one minute while the 
pressure is being relieved. The residual 
heat m the instruments is sufficient to flash 
most of the adherent moisture and the clean, 
dry, sterile instruments arc ready for im- 
mediate use upon removal from the sterilizer. 

A bactcriologically safe, but otherwise 
hazardous, technic for the terminal dis- 
infection of instruments from septic cases is 
that of immersing the soiled instruments in 
a detergent solution and autoclaving them 
at 121 *^0 for forty-five minutes The danger 
of scalding the attendant who attempts to 
remove the container full of hot solution be- 
fore it has cooled is ever present Because 
there is no provision for disposing of the 
grease and scum that accumulates on the 
surface of the water, the instruments arc 
usually dirty when removed from the steri- 
lizer; the inside of the stcrili/cr is fouled by 
the accumulation of grease and scum tliat 
splatters on the wall when the pressure is 
relieved Despite these disadvantages, some 
stcrili/er manufacturers employ this prin- 
ciple 


CUTTING EDGES 



Soaking dirty instruments in a germicide, 
boiling for prolonged periods after thorough 
scouring and scrubbing, or combining such 
procedures in various ways is not only time 
consuming but also removes the instru- 
ments from circulation Wliat is of greater 
danger, spores may be spread throughout 
the operating room during the cleansing 
process or nonpressurc sterilizers may ix 
cqntaminatcd with an oily scum containing 
heat resistant spores 

THE STERILIZATION OF CUTTING EDGE INSTRU- 
MENTS 

/ 

There are two types of cutting edges 
which must be considered in surgery — die 
edge which clcavas and tlic edge which 
.shears. The former is difficult to sterilise 
without spoiling the microscopic saw teeth 
which m^c It sharp Figure 111 .shows an 
enlargement of a scalpel edge (honed) on 
the left and a razor edge (polished) on the 
right. These edges corrode readily with a 
marked decrease in sharpness due to the 
concentration of electrolytic action on the 
.saw tcctli of the cutting edge This is due 
to the fact that the current density is intcn- 
.sificd at each microscopic tooth, just as 
lightning is attracted to a lightning rod 
and the tooth is quickly eroded away. 
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DuUneas m itself docs not necessarily indi- shearing action, too forceful apposition 
cate faulty stenkzation Many scalp^ arc causes the blades to dig into each other, 
improperly sharpened and come to the ruining their edges. Both troubles arc man- 
operating room with a maAM feather left made. Tht former results from usmg the 
on the ^ge which breaks off and leaves a soasors to cut materials heavier than those 
dull edge. Others arc dulled by failure to for which they were designed, so that the 
protect the sharp edge during handlmg, blades arc sprung apart and the initial 
storage or stcnlization. Some surgeons dull ahearmg adjustment is spoiled The latter is 
the sharpest blade by careless contact due to faiilty adjustinent of the blades, 
against the tip of then- tissue forceps or habitual supplementing of the apposing 
hemostats. for« by a surgeon who is accustomed to 

The shearing edge docs not present such using loose scissors and whose habit ruins 
an acute problem because a bard, smooth good scissors, mcks m the blades from cut- 
bevd-edge blade is essential rather than ting wire or bone that cause the Wades to 
the thin, keen edge of a scalpel The edges of dig mto each other Properly ground scissors 
blades mtended for rough woric arc almost of good steel ran be sterilized satisfactorily 
right angled, those designed for cutting by cither saturated steam or dry heat 
delicate tissues have sharper beveb In Misuse causes poor function oftener than 
other case, the shearing action results as docs faiilty sterilization 
the apposed blades close together Hence, The ideal method for the sterilization of 
the alignment and apposition of the blade* cuttmg-edge instruments is to expose them 
»re as essential as ihaipness for satisfactory to dry heat for one hour at 160®C on an 
cutting actiOTL Poor apposition permits the electrically heated aluminum plate. All the 
hUda to slide past each other with no thaip instrument* for each operation can 
■PcTr»,p N Mofurie* Shjjpoe* of R«Dr Bi*ie ^ arranged on Small aluminum trays for 
Edge. \I^Pr*trm 24:18-22, 193i StcnluatiOH, figure tI2 If pTOpCrly COQ- 
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trolled, a hot air oven is also satisfactory. 
Cutting-edge instruments can be satisfac- 
torily sterilized by exposing them to dry 
heat in the chamber of a dressing sterilizer 
for a minimum of four hours, or more con- 
vemently, overnight The oil sterilizer is an 
undesirable, messy, hazardous method of 
stenhzing cuttmg-edge instruments, even 
though it is bacteriologically sound. 

Corrosion of cutting edges can be pre- 
vented m the steam sterilizer by submerging 
them m diethylene glycol containmg 10% to 
20% of water.^ The instruments should be 
arranged m shallow trays and exposed to 
saturated steam at 121 °C for thirty minutes 

Chemical disinfection of cutting-edge 
instruments is satisfactory provided they 
are clean and dry when immersed and a 
sufficient penod is permitted for germicidal 
action to occur (see Chapter IV). 

Cuttmg-edge instruments can be sani- 
tized with but moderate dulling by boiling 
for fifteen minutes m a 2% solution of 
sodium carbonate 

THE CARE OF HOLLOW NEEDLES 

Three types of needle failure are inexcus- 
able because they reflect gross carelessness 
on the part of those responsible for the main- 
tenance of the needle The most frequent 
fault IS the needle that is plugged with 
accumulated dirt or blood It is evidence of 
unforgivable laxity Needles must be cleaned 
as soon as possible after they are used by 
reammg with a snugly fittmg stilette and 
forcing hot detergent solution through the 
cannula Particular attention must be paid 
to the inside of the hub ivhere blood accu- 
mulates between the tip of the ground glass 
syringe and the bottom of the hub, fig- 

Waltep, C W Stcnlizauon, Sur£ Cltn iN A , 
Nc^' York Number, p 353, Apnl, 1942 

-Hapvey, S and Card >EP,J S Dicth>Icnc Glycol 
as a Medium for Heat Sterilization of Surgical Instru- 
ments, 7'aleJ Biol & Med, 14*547, 1942 


ure 207, 2 A tool can be obtained 
fits the inner contour of the hub so 
that It will clean out this deposit 
A second source of failure is br 
where the cannula joins the hub ’ 
usually due to electrolytic thinnmg 
cannula so that it snaps off Dar 
thinness can be detected by holdt 
hub firmly between the thumb ant 
finger of one hand and springing 1 
gently through an arc Weakened i 
bend or snap off, figure 113, / 

A third failure is the dull needle 
ness may be due to several causes P 
or blunt tips and sharp heels all interfei 
good performance With a little care, ] 
needles can be sharpened skillfully e 
so that they simulate those which art 
The chief reqmrements are a the 
understandmg of figure 113 and j 
took * A coarse carborundum stone 
fine Arkansas oil stone are essential i 
magnifying glass which enlarges at 
four times, A small handle for ht 
needles can readily be made by attacl 
Luer needle adapter to an old instn 
handle A liberal supply of light m 
oil such as “3 m 1” should be on haj 
small carpenter’s clamp is helpful in f 
ing the stone to the edge of the table S( 
both hands are free 

To sharpen a needle, it is atti 
securely to the handle and carefull 
spected under the magnifymg glass to 
tify the type of damage which has rent 
it unfit for use The majority of needk 
discarded because the cutting tip has 
bent either inward toward the lumt 
the cannula or outward away from 
bevel, figure 113, 2, 3, 4 This hook mu 
ground off as the first step m repairin 
needle This is readily done by rubbinj 

* Eccton Dickinson £. Co , Rutherford, Nci ' Jcf 

" SatviTDETZKV, O Personal communication, 

1943 
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hooked portion on the coarser stone until 
the original contour has been restored, 
figure 113, 3-4 The stone must be oiled be- 
cause the oil prevents cloggmg of the grind- 
ing surface, hastens sharpenmg, hmders the 
formation of burrs along the edge of the 
needle, and prevents the stone from leavmg 
a rough surface 

Once the contour of the needle has been 
restored, the needle can be resharpened on 
the fine-gramed oU stone To sharpen it, the 
flat bevel of the needle is held flush with 
the stone 113,3 and, ivith the index finger of 
the other hand pressing gently downward, 
figure 113, <5, the beveled edge is sharpened 
with several elliptical motions across the 
face of the stone, figure 113, 7. The needle 
is then inspected to make certain that the 
entue beveled surface is shiny and smooth, 
figure 113, 5 If the surface is not satisfac- 
tory, this step IS repeated once more 

To produce a sharp cuttmg point which 
will penetrate skin and veins readily, the 
sides of the beveled pomt must be sharp- 
ened This is done as is shown m figure 
113, 9 Raise the needle so that its long 
axis IS at an angle of 20 to 25 degrees with 
the surface of the stone, turn the bevel so 
that it lies at an angle of appro xima tely 
30 degrees wath the stone and draw it care- 
fully back and forth several times to bevel 
the side of the point Repeat the procedure 
on the other side of the needle The tip of 
the needle should then have the appear- 
ance of that showm m figure 113, 10. Inspect 
the needle carefully under the magnifymg 
glass and remove any burrs from the edges 
with a burr picking tool This tool is used 
by inserting it flat side up mto the point of 
the needle and scraping any burrs from the 
beveled edge with the sharp edges of the 
tool, figure 113, 11. Burrs along the outer 
edge of the bevel are scraped aw^ay, c^e 
being used to scrape only from the point 
to\v’ard the heel of the needle 


Care must be taken to keep the stilettes 
of spmal needles forced m snugly during 
sharpenmg so that the bevel of the stdette 
matches that of the cannula perfectly. 

After a needle has been sharpened, it can 
be tested easily by puncturmg a piece of 
tightly drawn chamois The needle must 
penetrate it smoothly and easily When it 
is withdrawn, it must not stick in the 
chamois or catch the surface as it is pulled 
free Inspection of the lumen sometimes 
shows It to be occluded with a small plug 
of chamois which was punched out by a 
sharp edge at the heel of the needle This 
occurs either because a burr has not been 
removed or because the bevel is not flat 
Needles which are sharpened mexpertly on 
a grmding wheel frequently have a curved 
obhque end with a radius sufiiciently large 
for the heel to present like a cork borer to 
punch out a plug of skm which occludes 
the needle as it is mtroduced 

Sharp needles cannot be expected to re- 
mam so if they are sterilized and stored im- 
properly. The sharp tips must be protected 
from mechanical difllmg by protectmg the 
needles during sterilization m an hour-glass 
tube as illustrated m figure 113, 12 Needles 
must not be sterilized with stilettes m place 
because the electrolytic action set up be- 
tween the stilette and needle causes early 
corrosion and weakenmg Needles are best 
stenhzed m dry heat but can be sterilized 
successfully in saturated steam at 121 C 
The only disadvantage of the latter technic 
IS that the needles must be sharpened more 
frequently to keep their points keen Chem- 
ical sterilization must be avoided because 
residual germicide in the carmula may cause 
tissue necrosis 

STERILIZATION OF GLASSWARE 

GIass%vare is sterilized most satisfactorily 
in saturated steam, provided the glass has a 
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Icjw thennal expansion such as characterizes 
bcro-sihcatc glasses, Pyrex brand for ex- 
ample, so that spontaneous fracture due to 
expansion is avoided Properly 
ann^cd boro-sihcatc glass also has marked 
resistance to erosion by steam. Soft glass of 
the lead, potassium, or sodium variety or 
poorly annealed boro-sihcatc glass will 
gradually become frosted and cloudy vdicn 
repeatedly exposed to saturated steam. 
Ground glass surfaces arc readily attacked 
by steam, distilled water, or dilute aDcah 
because the smooth annealed surface 
been destroyed by the grinding A fre- 
quently overlooked consideration m the 
sdecticai of glassware is that its chemical 
composition must not affect solutions which 
arc to contact it dimng stcnlizatioa or stor- 
age. Dextrose, procaine, and morphine 
solutions all detenorate in the shghdy alka- 
hne pH at the solution glass mtcrfacc of 
soft glaq bottles 

Ihe chief factor in the stcnhzatiOQ of 
glassware m the steam steniizer is air clear- 
ance because unless a horizontal path is 
provided for the escape of arr from 
bottles, and the like, the inner walls of the 
vessels arc likely to remam unstcnlc. Hic 
water analogy, figure 55, demonstrates why 
this IS so Where dry glassware is desired, as 
fcff use m bacteriology, vessels must be 
inverted dunng sterilization The stcnhzcr 
should be loaded and the glass preheated 
so that when the steam is admitted, there 
u a rmmmum cd* condensation. If the 
sterilizer door is left standmg ajar with 
steam m the jacket at the dose of the sten- 
lizmg cyde, the glassware will be dried in 
the course of thirty minutes. Where dryness 
h not essential, bottle* and flasks can be 
sterilized in the upright position by adding 
•nffiaent water to purge the container erf 
dr From figure 36, it will be recalled that 
1 cc. of water turns mto 865 cc. of steam 
Hence, if 2 cc. of water are added to a Utcr 


flask, sufficient steam will be generated to 
purge the air from the flask. 

CARE OF GLASS SYRINGES 

Most damage to syringes stems directly 
from carelessness on the part of those who 
use them. The chief fault is failure to dean 
syrmges immediately after use. This results 
m the plunger sticking m the barrel or the 
needle sticking on the tip, when the residual 
solution dries or when the film of blood 
dots Corrosion of the ground glass surfaces 
may occur and result m accelerated wear 
arad leakage. To assure long, trouble free 
hfc, the syringe should be rmsed with tap 
waW promptly and disassembled 

If the plunger sticks, several technics for 
loosening it may be tned The easiest is to 
boil the syringe m 25% aqueous solution of 
glycennc for ten minutes and to attempt 
removal of the plunger while the syrmge 
IS still hot. If blood has dotted m the 
synuge, it is readily leached out by soaking 
the synnge m a solution of “Haemosol ” * 
The most successful method is to use a 
syrmge opener The opener is filled with 
warm water and attached securely to the 
frozen syringe. Firm, steady pressure is 
appliad to force water to infiltrate between 
the plunger and the barrel and rdeasc the 
former, figure 114 1 

To Ixxjscn a frozen needle, dip the hub of 
the needle m boding water long enough to 
cause It to expand away fixnn the cold glass 
synngc tip and pull it off If this technic 
fads, bod the syringe m 25% glycennc 
solution and remove the needle whde it is 
hoL 

Synnges arc deansed by \vaihiDg m cold 
ninning water Alkalies, detergents, and 
soap must be avoided because they deposit 
alkali earth soaps on the ground glass sur- 
faces and cause the synngc to bmd If 
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CARE OF SYRINGES 



Figure 114 


syringes are to be sterilized by dry heat, 
they are air dried and assembled, takmg 
care to match the serial numbers of barrel 
and plunger. Oil can be removed from 
syrmges by immersing them m a high flash 
solvent, such as “Stod Sol ” 

Glass syrmges are best sterilized by usmg 
dry heat Exposure to 160°G for one hour 
is ideal An alternate technic is to subject 
them to the dry heat at 121°C m the cham- 
ber of a dressing sterilizer m which steam 
pressure is mam tamed m the jacket over- 
night Small syrmges can conveniently be 
packaged in test tubes covered with cello- 
phane or paper flaskhoods, figure 114, 2 
If saturated steam must be used, corrosion 
can be kept at a mmimum by thoroughly 
preheating the glassware The sj'rznges 
should be disassembled to ex'pose the barrel 
and plunger to the steam and also to avoid 

[1 


burstmg fractures which occur because of 
uneven coohng when the steam is vented 
qmckly Such fractures are caused by 
the barrel cooling more rapidly than the 
plunger and shrmkmg on the latter with 
the result that the barrel bursts 
Various types of syrmge breakage are 
illustrated m figure 1 1 5 so that damage due 
to careless handlmg can be recognized and 
checked The impact break is caused when 
a heavy object falls on a syrmge, fig- 
ure 115, 7. The blowout break is caused by 
stenlizmg the plunger and barrel together, 
figure 115, 2 This will happen repeatedly 
m a properly functiomng steam sterilizer. 
When unclean parts are boded together, 
such damage also occurs Figure 115, 3, 
typifies breakage due to improper annealing 
of glass durmg manufacture The result of 
lettmg go the plunger after it has been 
partially withdrawn! with the tip occluded 
IS shown m figure 115, 4 The negative 
pressure is sufficient to snap the plunger 
against the end of the barrel and shatter it 
The result of msertmg the plunger out of 
Ime and wedgmg it in the barrel is illus- 
trated by figure 115, 5 Crushed tips are 
caused by jammmg mto the hubs of improp- 
erly fittmg needles, figure 115, 6 The spht 
tip results from forcmg too large a wire or 
needle through the hole m the tip, figure 
115, 7. Too much lateral pressure exerted 
agamst the needle wdl result m the break 
shown m figure 115, 8 Lateral pressure on 
a poorly annealed or improperly ground 
tip will also break the tip, figure 115, 9. 

A jagged break results from an attempt to 
twist off a stuck needle, figure 115, 70 

STERILIZATION OF RUBBER 

The sterilization of rubber is a subject 
which cannot be discussed from a general 
pomt of view because there arc many differ- 
ent types of rubber, eacli compounded for 
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a ipeaal purpose so that arbitrary rules 
cannot be appbcd Dctcnoraoon of rubber 
compounds u influenced by many factori. 
Age alooe causes detenorauon which is 
accelerated by heat and exposure to light 
Soiling with vanous chemicals such as oil, 
grease, or benrme or exposure to oxygen 
ihortcns the life of rubber Some types of 
rubber imbibe ivatcr quickly Thus, the 
ordinary vulcanized rubber glove imbibes 
suSiaent water dunng sanitizaUon m boil 
mg water to mcrcasc its size and decrease its 
tensile strength perceptibly The crcsol 
group of germicides destroy rubber as do 
many of the halogen compoimds Latex 
rubber, m particular, deteriorates rapidly 
m contact with copper and Its salts. 
Synthetic rubber has already foimd its 
way mto the operating room for special 
purposes and articles fabricated of Neoprene 
or Koroscal have given satisfactory service. 
It 13 more logical to select a type of rubber 
which will meet the requirements of oper 


ating r oo m use, mduding that of stcnliza- 
uon, than it is to devise stcnlizmg technics 
to overcome the faults of unpropcrly selected 
rubber articles. For example, latex rubber 
tubing withstands sterilization poorly Five 
or SIX tnps through the atcnJizcr cause 
suffkaent detenoraUon to make it unfit for 
use, yet rubber tubmg can be purchased 
which ivill withstand 75 tnps through the 
sterilizer before its usefulness becomes ques- 
tionable The wisdom and economy of 
selecting the latter type is obvious 

RUBBER GLOVES 

The fact that one third of the gloves used 
in the operating room at the Peter Bent 
Bngham Hospital arc punctured each timr 
they arc used dictates the selection of rubber 
gloves on the basis of Icrw first cost rather 
than on quality mtended for repeated sten- 
lization Others have reported comparable 
cxpcncncc with glove puncture,** Because 
patched gloves are awkward and unreliable, 
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they are rejected in the operating room and 
used elsewhere in the hospital. 

The chore of carmg for rubber gloves can 
be lessened by gaming the cooperation of the 
surgical team Blood and pus must be 
washed from the gloves before they are 
removed. This can be done m the hand 
basin used during the operation, if the 
gloves have been potentially contammated 
Otherwise, the scrub sink may be more 
convenient because a brush can be used to 
loosen dried blood 

The clean gloves are then rinsed m run- 
rung w^ater and tested for punctures This is 
quickly done by suspendmg the glove by 
either side of the cuff so that it assumes its 
natural shape, figure 116, 7. The cuff is 
then closed and rolled on itself to trap the 
air inside the glove, figure 116, 2 The glove 
is then twirled to distend it, figure 116, 3, 
and either submerged in ^vate^ to disclose 
the stream of bubbles that escape from a 
puncture, figure 116, 5, or held up to the 
face to reveal the air spurtmg from the hole, 
figure 116, 6. The intact gloves are then 
hung over three-eighths inch wooden pegs to 
dry, figure 116, 7. Moderate warmth ^vlll 
hasten dr^ong but exposure to sun, the air 
over a radiator, or the hot air in a sterihzmg 
room wall damage the rubber. Some hospi- 
tals are equipped with steam heated glove 
dryers alcin to the blanket w^armer where 
gloves are rapidly dried in a current of air 
warmed to 50°C \Vhen thoroughly dried, 
the gloves are powdered and sorted accord- 
ing to size. 

Dusting po\vder is used to prevent adhe- 
sion of apposing surfaces of gloves durmg 
sterilization and to facihtate putting them 
on when the dry glove technic is used 
Because residual talcum powder has been 
demonstrated to stimulate a granuloplastic 


response in wounds 2 ®’ ^7 or m the skin of 

the surgeon’s hands, the choiee of a powder 
must be carefully considered The surgical 
team must be schooled to wash their gloved 
hands carefully before approaehing the 
operative field The air of the operating 
room must also be kept free of powder by 
meticulous care m applymg it to the skin 
so that excess powder is not spread about 
m the air and on the floor Potassium bi- 
tartrate has been shown to be effective and 
IS not altered by sterilization It deteno- 
rates rubber however A mixture of amylase 
and amylase pectinates, sold under the trade 
name “Biosorb,” * protects rubber, with- 
stands sterilization, and is innocuous to skin 
and causes no tissue reaction The sten- 
lization of powder has long been recognized 
as a problem and postoperative infections 
have been traced directly to the use of 
unstenie powder Powder has such ex- 
cellent insulating properties that steam 
cannot flow mto it, hence it is impractical to 
sterilize powder in the usual shaker can 
In one hospital, it was demonstrated that 
twenty-four hours’ exposure to saturated 
steam was necessary to brmg the tempera- 
ture of the powder to stenhzmg levels 

” German, W M Dusting Powder Granulomas Fol- 
lowing Surgery, Surg , G>7j (S Ob , 76 501, 1943 

^ Byron, F X and Weixs, C S Complication from 
Use of Glove Po\vder — (Talc Nodules in Surgical Scars), 
Surgery, 10:766, 1941 

McCoRincK, E J and Ramsey, T L Postoperative 
Peritoneal Granulomatous Infl amma tion Caused by Mag- 
nesium Silicate, J A M A , 116 817, March, 1941 

^ Seelig, M. G Dusting Powder for R.ubbcr Gloves, 
MjI , 123 113, September 11, 1943 
^ Seeug, M G , Verda, D j and Ktod, F H The 
Talcum Powder Problem m Surgery and Its SoluUoo, 

J A MA , 123 950-954, December 11,1943 

^ Lee, C M Exjienments tsitb Non-irntating Glove 
Powder, Bull Am Coll Surg , February, 1947 

” Cairns, H Bactenal Infection during Intracranial 
Operations, Lancet, 1.1193-1198, May, 1939 

® Ascroft, P B The Control of Sepsis m a Hospi 
in North Africa, Lancet, 1 594, May, 1944 

* Johnson and Johnson, Neiv BrunsiMcL, New Jersey 


-t Devenish, E a. and ^fiixs, A A. Control of Stsphy - 
X»ccus .Aureus in Operatmg Theatre, Lancet, 1.1088- 
094, Mav, 1959 
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Powder can be readily sterilized if the 
granules are dispersed in the meshes of a 
gauze sponge One cc folded mto the sponge 
can be sterilized safely along ivith the 
gloveSj figure 117. The folded sponge con- 
taining powder can then be used as a puff 
for the easy apphcation of the powder at 
operation The puff prevents excess powder 
from getting on the Boor Envelopes con- 
taining powder are too difficult to stenhze 
by steam to warrant their use 

Gloves should not be sanitized by bculing 
because they imbibe water and lose tensJe 
strength, elasticity, and shape In addition, 
they must be sterile because of their con- 
tinual contact with the ^vound Gloves 
•\\dthstand sterilization by saturated steam 
but deteriorate rapidly in mixtures of air 
and steam To assure minimal exposure to 
air, gloves are wTapped so that the hori- 
zontal path for the escape of air, demon- 
strated m the ^vater analogy, figure 55, 5, is 
aliva)*s present 

A convenient method for ^^Tapping gloves 
for the wet glove technic is shown m 
figure 118. Sterilmng folders, made much 
hke letter folds, ^^dth tongues that can be 
inserted mto the palm of the glove to assure 
air clearance, figure 118, 7, are used. The 
cuffs of the gloves are rolled back, fig- 
ure 118, 2, and the paired gloves are slipped 
one mto each pocket of the Avrapper, fig- 
ure 118, 3 and 6 Care must be taken to 
have both thumbs in the depths of the 
pockets and to avoid folds or ^^Tinkles m 
the fingers ^shich might trap air. A tab is 
then inserted into the palm of each glove, 
figure 118, 4, 5, 7, and the folder is closed, 
figure 118, 8, 9. The size of the gloves is 
marked on the outside of the ^\Tapper, 
figure 118, 70 

Up to sLx folders of glo\^es are then pack- 
aged in the sterilizing ^\Tapper sho\\Ti in 
figure 119. 7. The wrapper is spread on the 
tahie ^\ith the folded comer nearest the 


worker The folders are stacked in the center 
of the wrapper so that their folded edges 
t\all present to the worker This places &e 
thumbs of the gloves above each other, 
figure 119, 2 A typical bayonet wrap is 
then done, figure 119, d to 7 The package 
is tied with spool tape, figure 119, 8, and 
labeled, figure 119, P. Packages of gloves 
wrapped as illustrated are sterilized stand- 
ing on the edge mdicated by the pointed 
comer of the cover, figure 119, 10, which 
insures the thumbs bemg uppermost for 
prompt air clearance 

Gloves mtended for use in the dry glove 
technic may be packaged for sterilization 
in envelopes shown in figure 120, 7 Folded 
gauze sponges are inserted mto the cuffs, 
figure 120, 2, to assure the ready exchange 
of steam for air One of these sponges con- 
tains 1 cc. of powder, figure 117 The 
paired gloves are inserted, thumbs upper- 
most, into the pockets of the stenhzmg 
envelope, figure 120, d A towel, folded as 
m figure 96, 4, is inserted between the 
leaves of the envelope as it is closed, fig- 
ure 120, 4. Each envelope is ^vrapped and 
labeled, figure 119 An alternate technic 
for dry gloves utilizes the folders described 
in figure 118 The sponge containing the 
powder and a folded towel are enclosed, 
figure 121. 

Rubber is best sterilized m the upper 
two thirds of the steam sterilizer so that 
residual air does not contact it A suitable 
rack or wire gnll can be obtained to support 
the gloves To avoid the prolonged exposure 
essential for penetration of large bundles 
or the heatmg of flasks of solution, rubber 
goods should be sterilized alone lATien 
imapped loosely and positioned properlyj 
saturated steam contacts the entire surface 
of the rubber instantly and, accordmgly? th^ 
stenhzing cycle consists chiefly of that 
necessar}'^ to destroy resistant spores Fifteen 
mmutes’ exposure at 121 °C suffices for this, 

IC^ 


[156] 


(ri"T 












figure 37. At the Peter Bent Brigham Hos- 
pital, ho^vever, standardization been 
found so advantageous that a thirt)^-minute 
exposure is enforced just as for dr}* goods 
Excessive deterioration of rubber has not 
been experienced and the rigid control of 
personnel essential to make the fifteen- 
minute exposure safe has been avoided. 

The sterilization of rubber tubing presents 
special problems in air clearance -which are 
discussed in Chapter X\'T. 

Penrose tubing of good quality can be 
sterilized as are rubber gloves !Many thread 
braided gauze (‘‘Surgitube"’^) through the 
tubing prior to sterilization so that “ciga- 
rette" drains are instandt" available. / 

* Surritube Products Corp- Xcv, YorL CSty. 


Rubber sheeting is best sterilized by 
la^-ing it on a piece of single-thickness 
muslin and rolling the tivo mto a cylinder 
The cyhnder is ^^Tapped and sterilized on 
end so that the air can escape. Folded rub- 
ber sheetmg is treacherous because air 
pockets among the folds 

USE AND STERILIZATION OF PLAStTCS 

The "wide range of plastic materials, all 
possessing characterisDc ph)rical properties 
M’’hich m a k e the use of a spiecific plastic 
advantageous, necessitates a discussion of 
the chief t>'pes so that the user can correlate 
stability in heat and solvent resistance vrth 
' ^ilizing practices Most plastics are de- 

' ^ „ *.1 — n _ j 







Fig 122 PLASTICS LIKELY TC 


Tl-FE ATOJ TPjirrE I»AKE 

COMPOSITION 

OUTSTA^DI^yC TPOPZRTILS 

Phenolic Resins Moulded 

Durez 

Resinox 

interaction phenols, aldehydes, or 
hetones in presence of catalyst 

heat resistant, chemical resistant, 
lov/ fiictional, nonsqueak 

Furfural 

Ehirite 

interaction of phenol and furfural 
obtained from oat huUs and com 
cobs 

chermcaJJy inert, high heat resist- 
ance, superior electneal properties 

PhenoFc Pulp 

Kysite 

prefonned pulp products impreg- 
nated ivith phenolic and com- 
pacted 

tensile strength in thin sheets, non- 
shatterable 

Pitenohc Asbestos 

Haveg 

phenolic formaldehyde, resin and 
acid; digested asbestos fiber 

resistant to physical and thennal 
shock, resists chemicals 

Cast Phenolic Resins 

Catalin 

Catavar 

cross-linked polymeric phenohc 
resins that are hydrophilic and can 
be cast v.nth pressure and set by ex- 
posure to 80*C 

high tensile and impact strength, 
rigidity, nonmflammablc, nonab- 
sorbent, odorless, tasteless, trans- 
parent 

Urea Resins 

Beetle 

PlasLon 

urea-formalin condensation prod- 
uct used to impregnate cellulose 
fillers 

odorless, tasteless 

Melamine Resins 
hlelmac 

1 

a trimer of cvanamide 

arc resistant, odorless, tasteless, 
mert 

A-niline Fnrmaldehvde 

Cibanite 

DiJectene 

divers condensation products of 
aromatic ammes (benzedme) and 
aldehydes 

electrical stability 

Cellulose Acetate | 

Lumarith | 

Vinylite i 

Plastocele 

solution of cellulose acetate in 
various plasticizers 

thermoplastic, great mechanical 
strength, transparent 

Cellulose Acetate But>Tate 

Pv.o.enite 

solution of cellulose acetate and 
butyrate m plasticizer 

low moisture absorption, good 
eather resistance, high impact 
strength, filament formations 

Cellulose Isitratc 

Tvitron 

P_jTalin 

Celluloid 

P)-ro7aliiie 

cellulose esterified m mixture of 
nitric and sulfunc adds and 
plasucized in camphor 

water resistant, tough, can be ce- 
mented easily, inflammable 

Etird Cellulose 

Eihocel 

Etbofoil 

cotton Imters or w ood pulp treated 
wth strong alLali or chlorinated 
alcohol 

■uater resistant, tough, resists loi' 
temperature 

Acrylic Redns 

Lucjte 

PJeiugiaEs 

Cr.’Stallite 

polymerized denvadves of acrylic , 
aad 

superior transparency, v.-atcr resist- 
ance, ngidity, lightness, transmits 
light, thermoplastic 

PvCgenerated Cellulose Cellophane 

cotton Imters treated idth sodium 
hydroxide and carbon bisulphide, 
prior to mtrusion into ammonium 
sulfate to make sheet flexible, it is 
saturated idth glucose, glycerol, or 
polychloroxyl alcohols 
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BE FOUND IN A HOSPITAL 


BEAT AMD lOLTKirr MSOTAMCE 

HCarrrAi- oro 

19S C (mineral filler), decomposed by itrong alkali, 
reintt organic nlventi 

bottle caps, oxygen ma*k part* 

19S°C (mineral filler) dccompoici with weak alkali, 
tccM) orgamc aolvcnti 

1 

t 

100®G, dccompoicd by itrong alkali*, Inert to organic 
■olvecLti 

bottle cap*, dUbei, trays 

130®G, reiiit* organic lolventi 

cbcmical apparatus 

71 G (do filler) 13(7®G (aibatoi filler) darken* In 
runlight, dccompoacs In itrong alkali, retati organic 
lolvciiu 

kitchen utensil*, bnuh backs, initrument dial* 

iruohibk In HtO and organic iolvcna, dccompoK* in 
alkali, 76 G, decompoaa itrong add* 

bottle cap*, water resiitant paper coating*, duhe* 

98*C (celluloae filler) 190*C (aibcKo* filler) dccom* 
poao in itroog aadi 

tableware, button*, eJectrkal part* 

82 G, darken* with funligfat, decompoaq (n ftrong 
leads, attacked by nine organic nlventi 

artificial hard rubber dectrical pan* 

60^-104^ decompoaes in strong add decotnpoaes 
m strodg alkali, lolu^ in ketoDCt, eitert, and akoholi 

comb*, toDthbruihe*, fountain pesu, pendU, ipectacle 
fiaiDC*, tclep^ne and razor piarts, tool handkt, 
pesarics 

60"~104 G, decompoaci m strong add*, decompaaci 
in stroDg alkali, soluble in ketoDcs, esters, and alcoboli 

toothbrush handles, ■hat'mg brush handles, refhgcra 

1 tor hardware, counter and edging shoe* 

60"C, decompow In strong acid*, decompoae* m 
itreng *Ika1i, soluble in ketone*, ertera, and alcohols 

ipectadc frame*, badge*, buttons, coUodion, tooth 
brush handles, toilet scan 

1 

60“-104®G, decompose* in itrong soluble In 

organic solvent* 

Ice trays, paper coaring goggle fiames, tubing 

4ff*-70*G, diftorta at 51 G, soluble In ketooei, esten, 
and aromatic hydrocarbons 

knsn, dentures, illuminating instrument dials, gauge 
giaisei, alloplaj^ matcrUl ^ 


wrapping material, dlalizlng membrane 


[ 163 ] 










Fig 122 PLASTICS LIKELY TO 


TVPE AKD TELADE Is A3iE 

coiiPOsmoN 

OUTSTANDING PROPERTIES 

^loisture-proof CeUophane 

sheet saturated ivith solution of 
cellulose nitrate, a plasticizer such 
as tn-cres} 1 phosphate, and various 
resins and waxes 

. 


Alkv'd Resins 

Amberlac 

Du] ex 

Glj'ptol 

Esterol 

alk}'d esterification ivith self, wnth 
hnolylic acid, or resm 

hard britde glasses to soft rubbery 
gums, good fim builder 

^dnvl Ester Resins 

Ge]\'a 

A%i 5 *on Fiber 

Rxiroseal 

polymerized \unyl acetate or chlo- 
nde 

corrosion resistant, rubber-hke ma- 
terials 

Polxx-inyl Alcobols 

hydrolyzed -vinyl acetate 

high tensile strength films, impreg- 
nable to oxygen and rutrogen, re- 
sistant to oil and grease 

Vinvl Acetal Resins 

Al\'ar 

Saflex 
\%iylite X 

Fonn\3r 

Butadte 

condensation products of poljndnyl 
acetate and aldehydes 

clear, transparent, adhesi\e, exten- 
sive, flexible stable films 

Mnvlidene Chloride Resins 

Saran 

Yec 

\€Lon 

polymerized and copoijmenzed 
dichloroethane derivatives as by- 
product in cracking petroleum 

i^aterproof, flexible, tasteless, non- 
to-xic, chemical resistant, resists liv- 
ing organisms, noninflammable 

SuTene Rerins 

St\Tainic 

SpTon 

Lnsnnn 

ethyl chloride and benzene react 
to ethyl benzene which is cracked 
to form stjTcne: heat, hght, and 
catalN'sts cause it to polymerize to 
resin 

resistant to chemicals, high index 
refraction, transparent, transmits 
hght. excellent electric insulator, 
i\’i]l not support combustion 

Shellac 

Complac 

Composiie 

resinous incrustation secreted by 
the scale insect Lacajer lacca Kerr 
of British India 

oil resistant, good electric msulaOon, 

excellent adhesive, high gloss 

Casein 

.Ameroid 

Galom 

skim milk digested iMth rennet 
enzyme 

hy'droscopic, noninflammabibty, 
translucent 

Coumarone-Indene 

Resin 

Cuxnar 

Xe%'illac 

Paradene 

polymerized indene and couma- 
rone obrained from, coal tar 

high electrical breakdo'^\’n, uon- 
sapomfiability^ 

Bagasse Molding Compound 
■\*alite 

residue after extractmg juice firom 
sugar cane, 1 S% hgmn, 45% cellu- 
lose 


Xvlon Resins 

jxihmeric amides -v.ith protein- : 
hke formula derived from coal, 
u-aier, and air chcrmcallN similar ■ 
to ham silk, and wool | ! 

fabricated into sheets, fibers, 
bristles extreme toughness, 
vrater absorpnon, good flexibility , 
high tensde strength nonto-xic 
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BE FOUND IN A HOSPITAL (CWuseO 


K£AT AKO •OLTKKT USTTAMCX 

llQSrTTAl. cses 


graoulomn stimulating substance “ alJoplasiic mate- 
rial for arthroplasties,” dispensable tubing for paren- 
teral fluids, floskhoods 


t)’Dthctic finishes for automobiles, refrigeraton, itoi’C 
enamel, etc. Vk-aterproofing doth 

54 -65*C, oceUU — odorlcn, tnitclcsi, nontoilc, aotu 
ble In ketom and alcohols I 

ddvide — chemical resistant tough oonlnflammable, 
resists >oap, soluble in ketones 

finuhes, fldbesi\-es, water resistant hospital sheeting 
wood putt) transcription records, eJectnc cable Insu 
ladon, rainH-car 

decompose 93*C, dusoK-es in vitak odd, attacked by 
strong acid, diisol;-a In alkalies, uoafTcctrf b> organic 
lolv-cnu 

oat-gen tents, protccthr film for sUn,** support for 
Polaroid films 

rtaUc 10 light and heat, ralsts •ol'.-cou and diiTusltm 
of gases 

safety glass, cloth coatings, gas impermeable fabrics, 
rainsvear 

71 >93*0, nslsti folvmts, itrcmg acids, and alkalies 

furniture s^Tbbmg and covers, sartnlng 

65 -87*0, datom ot 79 0 

dobes, bottle caps for comasi^-e chemicals, refrigerator 
parts, medical and surgical equipment, plastic ivin- 
dmvs, and UossincLS 

soluble In ketones, esters, and alcohols decom 
poses m strong acids and alkalies 

t-amlshes, gum elastic catheters, tdephone sets, 
phooograpb records 

soficns 93 C, dccoinposcs in strong acids and alkabes, 
softens in weak alkahcs, resists organic solvcnU 

buttons, bassinets 

■dd, alcohol, alkali, and brine ralstant | 

mastic floor tile iranscriptloa records, chewing gum, 
waterpiroof duck 

176 -204 C, resists adds, aTViila-*^ and solventi 

screir cap dorurcs 

softens at 232 C, attacked by coklixing reiistani 

to common solvcnti 

suture material, bristles, catbeten, nonadherent pro- 
tective for wounds, dental floss 
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Fig 122 PLASTICS LIKELY TO 


TiTE AND TRADE NAME 



Cellulose Acetate Rayons 



Koroseal 

Korojel 


Ainerip»oI 


Chemigum 


Butvl Rubber 


COMPOSITION 


unplasticized vmyl resm is dis- 
solved in acetone and squirted 
through nozzles to make filaments 


cellulose acetate dissolved in ace- 
tone IS squirted through small 
holes into a warm air wheel and 
coagulates the rayon m fiber form 


acetylene gas is combmed wth 
hydrogen chlonde to form chloro- 
prene, thousands of different rub- 
ber-hke compounds can be com- 
pounded I 


OUTSTANDING PROPERTIES 

1 


good tensile strength, not lost ^shcn 
wet,^ water resistant, thermoplastic 
at 65°C, shrinks 12% on coolmg 


lustrous or dull finish, dimensional 
stability, water resistant, high te- 
nacity 


plasucized polyimyl chlonde 




properties can be vaned over wde 
range to suit end use, high tensile 
strength, resilience, elasticity, abra- 
sion resistance, oil and ozone resist- 
ance, ages well and ivithstands ex- 
posure to sunlight 


properties vary ivith plasticizer, soft 
gels to hard matenal possible, ten- 
sile strength and elasticity good, 
resists action of soap, excellent flex 
resistance 


mteraction of orgamc hahdes and unique resistance to solvents and 
morganic polysulfides compounded sunhght, less permeable to carbon 
and xmlcamzed to simulate rubber dioxide, hydrogen, and helium 


modified polvtmyl alcohol resm resists attack by gasohne and or- 
compounded and cured to imitate game solvents, good tensile strength 
rubber and resistance to abrasion and 

flexion, IS most impermeable of 
s^mthetics to orgamc hquids and 
gases _ 


a group of sjmthcuc rubbers com- 
pounded firom butadiene and its 
copolymers 


butadiene copiolymenzed x\Tth sty- 
rene and aciydomtnle m emulsion 
phase to form latice similar to latex 


copolymers of butadiene 



extreme resistance to oil, hcab 
agmg, abrasion, and gases, soft to 
bone hard materials 


resists solvents and oils better than 
rubber 


copolymer of isobutylene •\\Tth di- resists chemical attack, ages I'cll, 
olefin resists copper and other neaty 

metals and their salts 


^ Gurdjian, Z S , Webster, J E and Broi%-n, J C : 
Impression Technique for Reconstruction of Large Skull 
Defects, S-Tgqj, 14 876, 1943 

^ Pearse, H E Exp»cnincntal Studies on the Gradual 
Occlusion of Large Artenes, Ain. , 112:923—937, 
1940. 


»McKeever, D C The Use of Cellophane as^ 
IntcrposiDon klcmbranc in Sjoaovcctoni}, J 
JmrJ SuTg , 41.576-580, 1 943 

^DeBakex. M , Gaxs, E J and Hovoin, E i 
Protection of the Operant c Field wth an Impenn^ 
Adhcsit e SLm Coatmg — A Prclumnaiy Rcpiort, ’ 
Gj~u & Ob , 74-499, 1942 
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BE FOUND IN A HOSPITAL (CmbmrJ) 


otAT Ain> ■oLvorr uxbtaxci 

ncarfTAi- on 

4S®-65 G, ctemical naaunt, iohibfc m ketooa and 
men, fvr^ In aromatic hydrocarbons 

dentaf floss, filter doth, screen doth, shoes 

60*-104 G, decomposes in strong adds and alkabes, 
dioolvcs in ketones, esters, and aicobols 

protecti\T dressings 

IWC 

rubber gloves, rubber stoppers, catheters, pessaries 

65 C, aohible in ketones and esters 

flexible molds, tubing film, catheters, bougies 


oxygen tent parts 


hose, tubing gloves, vial stoppers 


gas tnaiks, resusdtator parts 

flcdblc «t -45* — 148*0, rolsa 140*0 

rubber sponge, soles, heels, bushings, stoppers 




tubing resistant doth, gas tti--wVi 

■Buaicof and Abkahausok, R, H. The Use of 

Piisdes In Rcawtnictive Surjery Ludte In Arthrofdstty 
MU Str^rm, 95i405 1M3 Ahttr — 7afcm«» 44*jfr 

78t450 1944 

A critkai study of plaitici as aHoplaitlc matcrtaii 
too reran for IndmlM In thU uWe b 

Ingraham F D Alexandfr E. A. Jr 2>(at)an, 
D D Synthetic Plastic Matriiah In Surgery 
JJ6t362-3M 1947 236:402- 

407 1947 
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tivcs, natural resins, or protein aggregates 
These substances are known as binders 
Other basic compounding materials include 
fillers, plasticizers, dyes, lubricants, and sol- 
vents Various fillers may be added to 
bmders to obtain qualities tliat the resin 
itself docs not have, for example, high 
electrical, chemical, impact, or heat resist- 
ance Typical fillers are wood flour, cotton 
fabric, graphite, asbestos, and mica. Plas- 
ticizers are added in some instances to m- 
crease flow properties for ease of moldmg, 
in others to increase impact strengtli 
Plasticized resins lose some of their mherent 
tensile and compicssive properties. Typical 
plasticizers are tlie sulfonamides, phthalyl 
glycolatcs, or tiiphenyl phosphates Fig- 
ure 122 lists the principal plastics en- 
countered m hospitals Tire resumption of 
civilian production will bring many new 
mateiials and many new plastic products 
to the hospital 

STERILIZATION OF SUTURE MATERIAL 

Surgical gut is of two varieties One, tire 
boilablc or anhydrous type, can be steri- 
lized just as are surgical instruments The 
other, nonboilable or hydrated type, must 
not be heated because tlie resulting hydroly- 
sis rums tlie gut Tubes of tlie latter type 
are disinfected by chemicals 

Silk, nylon, and cotton suture materials 
are best sterilized m saturated steam at 
121 °C Precautions must be taken to hy- 
drate the suture material before it is put in 
tlie sterilizer by dipping tlie fingertips into 
water and moistening tlie strands to prevent 
superheaung Because these fibers slirink 
when moist, tliey should not be sterilized 
tightly wrapped about a nonyiclding object 
such as a spool or board A nice technic is 
to wrap tlie desired number of strands about 
a reel such as is shown m figure 123, 3 , 4 

« Plastics CaUiloguc, 1945 Plasucs Catalogue Corpora- 
tion, New York, New York 


The strands are grasped with tlie left hand, 
cut, figure 123, 5, and twisted mto a hank, 
figure 123, d, 7, which is moistened with 
wet finger tips and tucked into a test tube, 
figure 123, 5, 9 The test tube is packaged 
m a sterilizing wrapper, figure 123, 10 , 
placed on its side m tlie sterilizer, and 
sterilized just as otlier textiles 

Fine suture material is easier to use when 
stiffened and lubricated Tins is done by 
cutting tlie silk from tlie reel, figure 123, 5, 
and immersing it m wlute, washed beeswax, 
melted over an electric hot plate, fig- 
ure 124, 17 Tlie gi'oss excess is removed 
witli a forceps, figure 124, 12 The opposite 
end of tlie strand is dipped m wax and tlie 
excess is rubbed off witli washed gauze, 
figure 124, 13 The strands arc twisted into a 
hank and it is tucked mto a test tube for 
sterilization Because beeswax is hydro- 
scopic, It adsorbs sufficient moistuie (22%) 
to permit sterilization by satuiated steam 
Beeswax stiffens tlie suture material suffi- 
ciently to make it stand and throw easily 
Waxed silk ties smootlily but tliree knots 
must be used on critical ligatures because 
knots m waxed thread slip readily The 
waxing does not make tlie silk non-capil- 
lary, moisture-proof, or semm-proof nor 
does it protect tlie silk from adsorbmg 
sufficient water to lose tensile strengtli as it 
does when wet, nor does it decrease capil- 
larity at tlie suture-tissue mtcifacc, a factor 
which is constant whether stainless steel or 
untreated textile fibers arc used as suture 
material 

A convenient tcclmic for preparing fin^ 
suture material on No 8 egg-eyed milliner s 
needles is shown m figure 125 Tlie 
arc tlucadcd witli sutures cut as detail 
m figure 123, 4 , taking care to leave one 
leg of the thread about 2 cm longer 
than tlie otlicr A piece of 7 5 cm gauze 
bandage, 22 5 cm long, is fanfolde , 
figure 125, 1 to 4 , and tlic needles arc m 
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tives, natural resins^ or protein aggregates. 
These substances are known as binders. 
Other basic compounding materials include 
fillers, plasticisers, dyes, lubricants, and sol- 
vents Vanous hllers may be added to 
binders to obtam qualities that the resin 
itself does not have, for example, high 
electncal, chemical, impact, or heat resist- 
ance. Typical fillers are wood flour, cotton 
fabric, graphite, asbestos, and mica. Plas- 
ticizers are added in some instances to in- 
crease flow properties for ease of molding, 
in others to increase impact strength. 
Plasticized resins lose some of their inherent 
tensile and compressive properties Typical 
plasticizers are the sulfonamides, phthalyl 
glycolates, or triphcnyl phosphates. Fig- 
ure 122 lists the principal plastics en- 
countered in hospitals The resumption of 
civilian production will bring many new 
matenals and many new plastic products 
to the hospital 

STERILIZATION OF SUTURE MATERIAL 

Surgical gut is of two varieties One, the 
boilable or anhydrous type, can be steri- 
lized just as are surgical instruments The 
other, nonboilable or hydrated type, must 
not be heated because the resulting hydroly- 
sis ruins the gut Tubes of the latter type 
are disinfected by chemicals 

Sflk, nylon, and cotton suture matenals 
are best sterilized m saturated steam at 
121 °G Precautions must be taken to hy- 
drate the suture material before it is put in 
the sterilizer by dipping the fingertips into 
water and moistenmg the strands to prevent 
superheatmg Because these fibers shrink 
when moist, they should not be sterilized 
tightly %vrapped about a nonyielding obj'ect 
such as a spool or board A nice technic is 
to ^vrap the desired number of strands about 
a reel such as is shown in figure 123, 3, 4 


The strands arc grasped with the left hand, 
cut, figure 123, 5, and twisted into a hank, 
figure 123, 6, 7, which is moistened with 
wet finger tips and tucked into a test tube, 
figure 123, 8, 9 The test tube is packaged 
in a sterilizing wrapper, figure 123, 10, 
placed on its side in the sterilizer, and 
sterilized just as other textiles 

Fine suture material is easier to use when 
stiffened and lubricated This is done by 
cutting the silk from the reel, figure 123, 5, 
and immersing it in white, washed beeswax, 
melted over an electric hot plate, fig- 
ure 124, 77 The gross excess is removed 
with a forceps, figure 124, 72 The opposite 
end of the strand is dipped in wax and the 
excess is rubbed off with washed gauze, 
figure 124, 73 The strands arc twisted mto a 
hank and it is tucked mto a test tube for 
sterilization Because beeswax is hydro- 
scopic, It adsorbs sufficient moisture (22%) 
to permit sterilization by saturated steam 
Beeswax stiffens the suture material suffi- 
ciently to make it stand and throw easily. 
Waxed silk ties smoothly but three knots 
must be used on critical ligatures because 
knots in waxed thread slip readily The 
waxing does not make the silk non-capil- 
lary, moisture-proof, or serum-proof nor 
does it protect the silk from adsorbing 
sufficient water to lose tensile strength as it 
does when wet, nor does it decrease capil- 
larity at the suture-tissue interface, a factor 
which IS constant whether stainless steel or 
untreated textile fibers are used as suture 
material 

A convenient technic for preparing fine 
suture material on No 8 egg-eyed miHmcr s 
needles is shown in figure 125 The 
are threaded with sutures cut as dctai 
in figure 123, 4, taking care to leave one 
leg of the thread about 2 cm longer 
than the other A piece of 7 5 cm 
bandage, 22 5 cm long, is fanfoldcd, 
figure 125, 7 to 4, and the needles arc m- 


« Plashes Catalogue, 1 945 Plasucs Catalogue Corpora- 
tion, Ncvi York, New YorL 
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Ficuk£ 124 


serted through it, figure 125, 5. The short toward the center, figure 125, 9 , and pad- 

fold and the needles are grasped tightly in aged for stenlization, figure 125, 10 to 12 

the left hand, figure 125, 6 . and the gauze 

is nulled out straight, basting the threads stepulization of alipoules 

through the gauze, figure 125. 7. 8 The Ampoules containing drugs which are 

gauze is folded on itself from the ends frequently used on a sterile field can be 






sterilized in an alcoholic formaldehyde 
solution if care is taken to pro\dde a cover 
■which ■will keep the ampoules immersed^ 
figure 1 8j 5, 6. Because such ampoules may be 
cracked and leak, it is desirable to color 
the solution ■^\’ith a dye so that if the solution 
is aspirated into an ampoule, the discolora- 
tion ■will sign a l the fact that the contents 
are unsuitable for ■use. Formulae for coloring 
germicides are given in Chapter III. 

STERHIZA'nON OF BRUSHES 

The technic for the sterilization of hand 
brushes is determined by the t}^e of bristle 
of which the brush is made The pale yellow 
vegetable fiber bristle ^\'ill ^^dthstand steri- 
lization by steam or sanitization by boding 
but these bristles make a soft, ineffectual 
brush ■which is little better than •using a rag 
Animal bristle brushes, of so-called Chung- 
king or hog brisde, can be sanitized in 
boding ■water but deteriorate quickly "When 
exposed to saturated steam, the bristles are 
destroyed in one or two sterihzations be- 
ca^Qse even at 56°C, hog bristles begin to 
split, ■v%’rinkle, and curl Animal bristle 
brushes are therefore best disinfected by 
submersion in chemicals They should be 
rinsed free of soap and stored in an aqueous 
germicide, either 1:1000 aqueous Zephiran 
or 1:400 aqueous iodine solution. Synthetic 
bristles, particularly nylon, wthstand re- 
peated sterilization ■with saturated steam 
^^ithout affecting their brushing charac- 
teristics. One experimental brush* -withstood 
297 trips through the steam sterilizer before 
signs of deterioration ^vere noted. This type 
of brush can be sterihzed along ^^ith tex- 
tdes 

sterhizahox of ■utensils 

Basins and other utensils are advanta- 
geously sterilized by saturated steam be- 

•Iso IST msDC bv Prophvlactic Compani, Flarcncc, 
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cause an assortment, figure 126, 1, can ht 
packaged for easy handling and storage 
Because the kits are dry when r em oved 
from the sterilizer, odd items of dry goods 
customarily -used in the basins may be 
sterilized in them The large basin serves as 
a nest for the array of smaller utensils 
Three abdominal packs are placed m the 
saline basin, figure 126, 3, along ■with four 
straight sponges Four straight sponges are 
placed in the suture basin, figure 126 , 5 Six 
knotted sponges are put mto each hdney 
basin, figure 126, 7, and the specimen basin 
tops the nest, figure 127, 5 It is imperative to 
arrange the utensils so that the package can 
be placed on its side in the sterilizer without 
trapping air in an upright vessel Contrast 
figures 127, 8, and 127, 9. The kit is pack- 
aged in a double thickness muslin ■wrapper, 
figure 127, 70, -w^hich also serves as the 
sterile drape for the basm stand The comers 
are turned back, figure 127, 72, to provide a 
tab for an unstenle nurse to open the pack- 
age safely. Properly packaged and loaded 
Mts can be sterilized with bundles of 
textiles by exposure to saturated steam at 
121 °C for thirty minutes 

STERILIZATION OF NURSE’s KIT 

The instruments 'used by the suture nurse 
are most convemently assembled and steri- 
lized together so that they are instantly 
available at operation A kit containing 
the fo^o^ving list of instruments can be 
packed in an aluminum tray (anodized 
Wearever No 243) as is shown m figure 128. 

2 conical glasses 6 towel clips 

1 blade for scratching 1 large glass suction UP 
the si, in and tivo and 

3 general needle holders yards of rubber ^ 

3 French needle holders 1 Asepto syringe and 

To insure sterilization of the inner surface 
of the rubber tubmg and Asepto syringe 
bulbs, they^ are rinsed with tvater irnme 
ately before sterilization as desenbed lu 
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Chapter X\7I. Nurses’ hits are sterilized as are 
instnimeiits because preheating is essential 
to prevent corrosion of the needle-holders. 

A camera can be brought into the sterile 
field so that the surgeon can make a \-isual 
record of the operative procedure himself.®® 
The unsterile camera is positioned on a 
metal frame in an everted sterile muslin bag 

® Ikcsjoak, F. D., and Cobb, C. A-, Jb.: A Simple 
Ivicrhod of 2\Iaiiag Photograpluc Records xmder Sterile 
CondidDTTS. j. 4 :^ 3 ; 293 - 297 ; 1947 . 


held by the scrub nurse. The sterile bag i 
rolled back over the camera and closed by: 
draw string, completely enveloping fhi 
camera. The metal frame supports the cam 
era behind a Pymex tvindotv through tvbid 
the pictures are made. The camera is oper 
ated by inserting the fingers into tiny pocket 
stitched in the bag at appropriate points 
The author regrets that this contrihutioi 
escaped his note until too late to have illus 
trations made. 
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CHAPTER Xn 


DISINFECTION OF THE SKIN 


As wt miry consianil/ approach a iurut « gtonutry bul nna rtaeh tt, so m smgeiy wt cm muumufy but nmtr 
pemanently tUounaUy bactma m ihtJiHd Bcxxat of tht opnaior who sq^fs hs never has a dem-toound mjedton, 

— Aixen O Whipple, 1933' 


Ah obviom source of contamination of 
surgical wounds is the sLm of the paoent 
and that of the eight or ten hands which 
contact the wound either direcdy or indi- 
rectly at operatLon It has been estimated 
that a minimum of 10,000 organisms arc 
present per square centimeter of normal 
ibn.* Three methods have been utilized to 
reduce this mcvitable contammatiOD to a 
minimum The cJassic technic is to apply 
germicides with the hope that a relatively 
rtcnlc field will result. The danger of mjur- 
ing tissue contraindicates the use of germi 
add suffiacntly strong to be effective m 
practicable penods .and human impaticDce 
militates against gcrmiadcs that arc kmdJy 
to tissues but slow in action 
More recently, mechanical cleansmg has 
been rediscovered as the most important 
factor m removing organisms from the skim 
The result has been emphasis on making 
«km surgically dean by actually scrubbing 
off the organisms which adhere to the sur- 
face or grow m the supierficial desquamating 
epitfafii iim 

* Whjiple, a. O Tbc Uic erf Silk In tbe Repair cf 

Octn Wound*, A%. W:662, 1933 

* HotltUcm J W TUftiftal 

Wound* from the Air from the Skm of the Opomtor uid 
from the SUn of the Patient, .iTj,, Cr^ Sf 0*, 73i72-78, 
1&41 


The newest technic attempts to ecdude 
the skm from the \vound by coating it with 
an adherent pirotcctivc film which acts as 
an impenetrable bamcr beuveen the stcnlc 
field and the skin • Gcrmiadcs can be 
added to such films to gradually disinfect 
tbc underlying skin A successful technic 
depends upon the deposition of an adherent, 
bactenadal, elastic, transparent film that 
15 impermeable to bacteria and can be 
inased deanly and easily Films that crack 
and flake apart arc usdess and fill the 
uound with foreign bodies A suitable 
formula is ' 


vinylitc rain, AYAF 25 gr 

acetone 100 cc. 

nltfocclhikae 1 J2 gr 

pbenol 1 00 gr 


As originally desenbed, the technic calls 
for the usual preoperative shave. At opera- 
tion, the field u vigorously and thoroughly 
deansed and defatted with ether Nine 
separate scrubbings arc used The vinylitc 
mixture is then appbed ^vlth a soft rubber 
applicator Stcnlc drapes may be appbed 

* HALnxn W S Llg«ture and Suture iilatcrlal, tbe 
Empl oyment of Fine Sflk la Preference Id Catgut and tbo 
Adrastage crfTrmna&don of TIsuo and VcaKli In Control 
of Hefflcerbafc, Al*o an Account of the Introducrioo of 
Olovea, Oua»,percba TTmie, and Silver Foil, 
6031119-1126 1913. 
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o\^er the imdried resin v/hich then shells 
them directly to the skim A useful modifi- 
cation consists in cleansing the skin vdth a 
synthetic detergent prior to the application 
of the hhm It is interesting to note that 
bichloride of mercury has been popular 
because it '//as believ’'ed to have strong 
germicidal properties. Recent knowledge 
reveals that it is but a bacteriostatic agent 
and that its effectiveness is due to a pro- 
tective film "which forms on the surface of 
the skin to isolate the wound. ^ Thus, un- 
^rittingly, surgeons have used empirically a 
technic '//hich may be the ultimate solution 
of the problem of disinfecting the skin. 

The normal bacterial flora of the skin 
varies "^rith anatomic location as v/ell as 
"^rith indiriduals.-^ In protected regions, such 
as in creases, the bacteria may be numerous, 
■^'/hile on smooth exposed surfaces they may 
be fc*'/. Ever}’’ skm is inhabited by a rela- 
tively stable basic population of sapro- 
ph}^es, characteristic of the individual. 
The composition of these resident flora may 
be modified by contaminating bacteria 
v/hich adapt themselves to the skin and take 
up residence indefinitely. A classic example 
is cited by a surgeon '//ho had active charge 

* Sxrrr'vEJ'^ H.: TiansacticmE (in part) of ih^ G^nnan 
Surreal Sod'V,. Cemgro:! hdd /tpri] 10-22, 

1011. Gmnd SjT^rr}. PathAopj! and Tlinap)' 7 Dinnjectim 
cf it' Hands and Slit oj Opndion Txanrlat-sd from Betlapt 
Sppdrdhlalt Jar Cfarurgit, Ko 29, 7 93J, hr/ Or-'-ald 
Jij-rz, Ivtax lasdaTar ^md Jaro^s T Tilcb^x 

I- ftcDojvAixi, E.' A Sbn Varnui and Substitute for 
P.ubber Glcr.er, />f. Arr 9'., 35:524, 39J4. 

t A- D-; 2'ev. Sim Varnish for hfmntammg 

SteriLit> of Opera Ir.e Field, Sur^n^, 12:C31-CS4, 194A 
'EeEajset/, I'fr, Gnxs, E J and FJotvOui, E - TFie 
Prottetjon of the Oparatl e Field -v^ith an Impermeable 
.i.dberi e Sliu Coating — A Preliminary Pvepori, 

C^T m 05., 74:499, j94A 

‘ pyjon, P. E ' Studies in Surgical Bacteriology 

23 d SurS'eal TecFmic v ith Special Pwcference to Dinn- 
fe-do^ of SHn. 111:1 99>1 996, P'v ember 26, 


of a ward v/here patients v/ith infected gin- 
shot and shell wounds were cared for Al- 
though he dressed the wounds irith unusual 
care v/ith his ungloved hands, he v/as 
startled to find that the resident flora of his 
hands included a large proportion of patho- 
gem'c organisms after several weeks’ work 
on the "ward — “chiefly staphylococcus au- 
reus, many of them hemolytic but also 
streptococci of various sorts, B coIl, and 
B pyocyaneus.” In spite of frequent 
•washing and daily disinfection of the hands, 
these pathogenic organisms persisted for 
many "weeks after he ceased v/ork on the 
septic w'ard. This cxpenence in applied bac- 
teriology confirms the age-old dictum that 
the surgeon must avoid contamination of 
his hands vnth pus and other sources of 
dangerous organisms. Accidental contam- 
ination must be remcn^ed completely to 
avoid the danger of spreading the infection 
not only to immediate contacts but indefi- 
nitely by hands "which have become chronic 
carriers of pathogenic bactena. Prompt 
removal is of paramount importance be- 
cause there is no certain method of dimi- 
nating pathogenic bacteria -which have be- 
come residents of the skm. Similarly, the 
resident flora of the patient’s skin, which is 
frequently contaminated by discharge from 
"ivounds, may include pathogenic organisms 
w^hich may contaminate incisions made 
through it. 

The transient flora of the skin thnves on 
the surface rather than m the deeper layers 
It either adheres to or is adsorbed to the 
skm surface and is best removed hy friction 
On exposed surfaces, bacteria arc rubbed o 
more rapidly than their normal rale of in- 
crease On protected surfaces, in crease^ 
and folds, the bacteria accumulate becaus- 

PwcD, P. B Bdct-ncilog".' of Konrud Shn, 
CiuantildLn. e Tort Appbod to .Study of Eactorud ^ ^ 
and Dirjnfocrtant Action of J lechcinica] CJcanrjJgt J 


Ol'i 

CT'y' ZuT Dc^i'ifoction dcr Handc dtis /-inztcr, 

>- VAdnsO - , x:v.9?5-9d7, 1 3S3 Du . 03091-313. 1938 
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Figure 129 Prut** Fioure 130 Prut** 

the forces tending to decrease the populauon terra can be removed from the skm easily by 
are meffectual The anatomic structures in u-ajhmg or rubbing the skm 
the deeper layen of the skm harbor the When the bacterial flora on the skm has 
resident organisms. Sweat, as it comes from b^oi reduced to a mmunmn, re-cstabhsh- 
the i»re., has b«en demonstrated to be meat occurs slowly, bcmg^plete after a 
itenle.” “ “ Bacteria arc located m hair figure 129 Skm that is disinfected 

folhcles and ducts of sebaceous glands daily, therefore, consistcndy shorvs a lower 

whence they cannot be recovered mcchani bacterial flora than that which is disinfected 
cally and are Inaccessible to commonly used only occasionally Under rubber gloves, the 
pmiadcs. These organisnis rise to the sur- proliferation of bactena is accelerated One 
face durmg an operation and consutute a report states that hand, havmg a bactenal 
source of wound contammaUon flora of 3,000,000 iverc found to have a flora 

The transient organisms ivhich arc found of 25,900,000 after gloves had been worn 

on the skm reflect the dally contacts of the two hours and forty mmutes The bactenal 

individual because they accumulate on the flora can be reduced by mechamcally 

«posea surfaces along with sod These cleansing the skm as shown m figure 130 

^erm may he on the skm or may be Scrubbing reduces the number of bactena 

by grease or fats They collect m the a constant logarithmic rate. There is a 
lubunguid spaces and m the creases about reduction of one half each six mmutes or 
tte knuckles Most bactena do not adapt two thirds each ten mmutes of scrubbmg 
ttc^vestolifconthcdryskmanddicout. TheoreUcally, it would require two and 
are facultauve and may persist and one half hours of contmuous scrubbing to 

become permanent residents Transient bac- „onliao the skm Mcchamcal rlr.nung „ 

■i*'/ Stuilto in A«^ Am^ effccUve because of the fiacuon produced at 

'’lovtu, D L. Sldn Ihdr Loetta. wld, ^ which rubs baCtCTUl off 

lWera« tD Skin sterflixation, Arj Gjfm. V Oi 80ii74 Thc moTC friction, the moTc rapid IS the rate 

at which organisms arc removed A stiflf 
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brush and vigorous scrubbing hasten the 
disinfection as compared with a soft brush 
and languid scrubbing. Tap water is just as 
effective as sterile water because the organ- 
isms suspended m the water are not im- 
planted on the skin Routme scrubbmg is 
effective m removmg the orgamsms from 
under the fingernails provided the nails are 
trimmed short (1 mm or less) After seven 
minutes of scrubbmg, the subungual spaces 
were found to contam relatively few viable 
organisms,^“ The ease with which transient 
organisms are removed contrasts with the 
difficulty m removmg residents The former 
are held in place chiefly by grease, fats, and 
superficial soil and are removed along with 
the dirt m fats emulsified by soap and warm 
water The majority of the transient organ- 
isms are removed within the first two min- 
utes of scrubbmg 

Wet skm cannot be contammated readily 
because organisms picked up from cloth- 
ings faucets, or even the floor are qmckly 
washed off Hence, the traditional care used 
while scrubbmg to avoid such contacts is 
misplaced 

Preoperative preparation of the skm at- 
tempts to remove the dirt, fats, and transient 
organisms with the least mconvenience 
possible The nails are trimmed short and 
the subungual spaces are scraped with a 
sharp edged metal scraper to remove all 
visible sod Hands and arms are then 
scrubbed with warm tap water, usmg a soap 
which emulsifies well and budds up an 
abundant lather Coconut oil or castor oil 
soaps have been demonstrated to have 
germicidal action m concentrations as low 
as 0 5% foUowmg an exposure of two and 
one-half minutes A stiff lather of coconut 
od soap contams 15% soap and is effective 


» Walker, J E The Germicidal Properties of Chemi- 
cally Pure Soap, J -tn/ecl Dis , 35*557, 1924 The Ger- 
micidal Properties of Soap, J Infect Dis , 37:181, 1925, 
38,127, 1926 


against pyogenic organisms other tiian the 
staphylococcus, 

A new synthetic phenol compound, , 
2,2'-dihydroxy-3,5,6-3',5'6-hexachloro-di- 
phenyl-methane, has been described as 
bemg a remarkable disinfectant for the 
skm.^^ Two per cent of the compound, 
known commercially as ‘‘G-H” is added 
to liquid soap for use m scrubbmg the skin. 
Two minutes’ scrubbmg with the mixture 
lowers the resident count more than twenty 
mmutes’ scrubbmg with ordinary toilet 
soap, A low bacterial count can be mam- 
tamed contmually by the daily use of 
G— 1 1 No skm sensitivity to G-1 1 has been 
demonstrable, but those who react to soaps 
cannot use the mixture 

Ideally, the disinfection of the skin of the 
hands should be based upon a habitual 
anatomic scrub which covers every area of 
the skin rather than upon an arbitrary 
period of scrubbmg, because the effective- 
ness of mdividual scrubs varies tremen- 
dously Hence, if the habit is established of 
scrubbmg every area of the skin successively 
on both hands, the most rehable scrub is 
developed on a basis of scrubbmg each 
area a certam number of strokes Thus, if 
every area is scrubbed with three strokes of 
the brush before the succeeding area is 
scrubbed, all the skm of both hands and 
arms is covered with the minimum of three 
strokes If this coverage is repeated ten 
times over, the optimum removal of bacteria 
IS accomplished, figure 131, one stroke of a 
hand brush equallmg ten of those described 
in the graph This technic has the advan- 
tage that the easy-going scrubber does 
not escape disinfection while scrubbing 
for the same arbitrary period as the 

Traub, E F , Newhall, C A , Fuller, J ^ 

Value of New Compound (Dihydroxyhcxachlorodiplx^f) 
Methane) Used in Soap to Reduce Bacterial Flora o 
Human Skin, Surg , Gyn & Ob ,79 205-216, 1944 

“ Givaudan-Dclawanna, Inc , Dclawanna, New Jersey 
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I&CRUBBINO REMOVES BACTERIA 



Vigorous soTjbber A diligent perwn can 
develop an anatomic scrub that yields 
opumum results m seven minutes. Those 
>viio scrub their hands frequently and who 
protect thar hands against contamination 
can safely cut such a scrub to fi\*c complete 
cycla because there is little opportunity for 
the rc-cstablishrncnt of a prolific flora, 
whereas those who have been gardening or 
have otherwise grossly soiled their bands 
should pcnist for fifteen cycles. 

Any method of scrubbmg the hands is no 
™nrc effective than the thoroughness wth 
which every surface of the skin is mccham 
cahy cleansed A habitual scrub must be 
developed to dinnnatc blind areas A simple 
way of teaching a proper technic is to rub a 
mixture of lampblack m salad oil 
thoroughly into the hands and arms The 
pupil should then be blindfolded and pro- 


OISINFECTINO EFFECT OF ALCOHOL ON SKIN 



vidcd with soap, a brush, and nmnmg water 
and instructed to scrub unul he beheves his 
hands are clean It is amazing to see how 
even crpcncnccd members of the operating 
room personnel leave black areas on the 
ulnar side of the thumb, benveen the fingen, 
on the ulnar side of the arms and often 
one half to two thirds of the right hand 
Repeated bouts of scrubbing off lampblack 
arc necessary to teach some mdividuks the 
habit of scrubbmg all the skin 

The mechanical scrub removes, along 
with the transients, about one half the resi- 
dent flora- Chemical disinfectants must be 
rcli«J upon to destroy more of the organ- 
isms remaining on the clean, dty, fe.t free 
akm- This can be done by rubbing the skm 
with suitable gcnniadcs so that ultimately 
the onginal flora is reduced to something 
leas than 2%.^ 

Ethyl alcohol, 70% by weight, is an effec- 
tive gemucidc for the skm Rubbmg it cm 
the skm for one mmutc is as effective as 
twelve minutes of scrubbing, figure 13Z 
Because slight variations from the 70% con 


LmwTBAL, H and ZiEOLDi, J A Stody of the Dl*. 

83iW1-836 1926- 


P Pro, P B EUiyl Alcohol ts a Oermidde, Ardu 
Sfri^ S8IS2S-M2, 1939 
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USE OF ARM SOAK 



ccntration of alcohol result in marked de- 
crease of baetericidal power, it is important 
to dry the skin thoroughly on a sterile towel 
to avoid dilution of the alcohol which is to 
be used subsequently The skin is then 
rinsed briefly in 95% alcohol to dehydrate it 
further and the arms and hands are next 
rubbed with a gauze sponge or wash cloth 
while submerged in 70% alcohol for three 
minutes 

Another germicidal mixture whieh is ad- 
vantageous for the disinfeetion of the skin 
consists of a mixture of ethyl and propyl 
alcohol (sec Chapter III) Immersion in 
this solution for one minute is equivalent to 
eleven minutes of scrubbing Friction while 
immersed increases the germicidal action 

The application of Scmmelweis’s paste is 
so effective that four minutes of rubbing the 
paste into the skin results in a reduction of 
bacteria equivalent to twenty minutes of 
scrubbing 


Forty per cent propyl alcohol, I'lOOO 
aqueous Zephiran, or 0 5% aqueous iodine 
are reliable when rubbed into the skin for 
two minutes. An arm soak such as is illus- 
trated in figure 133 is convenient because 
It provides enough room so tliat the skin can 
be rubbed while submerged, and it also 
catches any solution that may be splashed out 
Those who operate only occasionally or 
who prefer to do minor surgery without 
wearing gloves can avail themselves of tlic 
technic which uses bichloride of mercury, 
1.1000 aqueous solution, or an aqueous 
solution of potassium mercuric iodide, 

1 500, to precipitate an impervious film on 
the skin which is sterile but under which 
existing organisms proliferate so rapidly 
that the population doubles every fifif 
minutes If this technic is used frequently, 
the nails discolor and some individuals de- 
velop contact dermatitis or have difficulty 
witli the nails splitting and cracking 
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An interesting study from the battle front 
desenbes the use of 1 1000 aqueous Zeph 
Iran m place of soap and Nvatcr for scrubbing 
the hands because of the higher cost and 
bulk of the soap and the scaraty of water 
The nails ^vcrc cleaned, the hands and fore- 
arms scrubbed ngorously m Zcphiran solu- 
tion for three minutes and then immersed 
for three mmutes m a basm contammg 
1 1000 aqueous Zcphiran solution 
The preparation of the hands and arms 
bcn\‘ccn operations is a simple, straight 
for.s’ard problem of destro^'ing the bacteria 
Vkhich have multiphcd under the gloves. 
Thn can be done effectively by reapphea- 
Qon of the onginal bactenade used for dis- 
infecting the skin The preoperaove scrub 
need not be repeated because it contributes 
nothing to bactcnologic safety 

DKDCraCnOV of COSTAlflNATED HAM» 

Occasional!) , the surgeon’s hands arc un 
avoidably contaminated with pus or other 
infectious material or it is imperative that 
an infectious area be cxamiiied digitally 
when the protection of a rubber glcrve is not 
av^able. The ideal technic for prcv’cntmg 
contamination of the skin with pathogenic 
organisms involves the pirchminary cleans- 
ing of the hands so that the skm is free fro m 
grease and soil, which aid transient organ 
imo in adhering to it. Contammation should 
be washed from the skm without delay with 
soap and runmng water Brushing should 
be avoided because the bnitlcs are likely to 
iropUnt the organisms mto the sebaceous 
glands or hag follicles. The hands should 
then be dried on an mdividual tow’d and 
disinfected with one of the germicides dc- 
*onbed above A convement technic is to 
moisten them thoroughly with a few cc. of 

■ ScmatAcm, H B *nd Bcthea, W R. Son* 
5*^ Zephlru) with Particul*r R efejcn cc to Its 
Use In Tlnic of War Suftry 14:931-945 1945. 
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70% alcohol and let them dry slmsdy by 
evaporation 

In the laboratory, where more virulent 
and hcaMcr contamination of the hands 
occurs, the safest technic is to nnsc off the 
gross contamination under running ivatcr 
and to rub hmr. paste into the kWiti for two 
minutes 

DBINFBCmON OF THE OPERATIVE SITE 

The ty’pe of prcopcrativ'c preparation of 
the skin depends upon the anatomic loca 
non and the prcopcrativ’c diagnosis On 
smooth areas of the skin, the routme me 
rhanir^l scrub pan bc apphcd but on com- 
pheated surfaces, such as the scrotum, or 
m dmnfecting skin over superficial malig- 
nancy, an atraumaoc technic is prefer- 
able. 

Mechanical cleansing of flat, smooth areas 
of skm can bc accomplished readily by work 
log up a lather of coconut oil soap with a soft 
sponge and maintaining it for ttvxi mmutes 
The latter should then bc shaved off 5vith a 
sharp, straight-edged razor If this proce- 
dure is performed by a skilled mdividual, 
the razor removes most of the desquamatmg 
cpithchum and surface bacteria quickly and 
easily The slnn u then washed with 3vanii 
tap w'atcr and dried No dressmgs need bc 
applied because they arc bactcnologically 
useless and needlessly mcreasc the appre- 
hension of the patient This stage of the pre- 
operative preparation is suffkaently impor 
taut to warrant its bong entrusted only to 
cxpcncnccd personnel It is not time-con 
suming or meonvement for some skilled 
nKmbcr of the operatmg room personnel to 
prepare the skm of the operative field 
Certainly no one who cannot strop a razor 
to a keen edge should bc entrusted with the 
procedure because the all too prevalent Hull 
hoc technic of tcanng off hag removes but 
few of the keratinized epithelial rylU, 

3] 



Ideally, shaving should be done at least 
twelve hours preoperatively whenever possi- 
ble, because there is ewdence that the skin 
has natural powers of disinfection ^vhlch are 
markedly decreased by sha\dng but which 
recover in a period of from four to six 
hours 

One aspect of the preoperative prepara- 
tion of the skin which is entirely forgotten 
in many hospitals is the avoidance of con- 
tamination of the healthy skm of the candi- 
date for surger)’- wath pathogenic organisms 
from other patients Bathing m unclean 
tubs in which patients \vith dr ainin g wounds 
have been bathed or usmg brushes and 
razors \vhich have not been sterilized or 


There are three essentials for chemical dism* 
fe'ction of the skin 

1 There must be an adequate penod of 
exposure to the germicide No germiade is 
instantaneous m its action and time must 
be allotted for the germicide to act 

2 The germicide must be maintained 
at its most effective concentration on the 
skm As germicides dry, their power to de- 
stroy bacteria is lost 

3. Friction enhances germicidal power 
because it aids the germicide m penetratog 
to the organisms 

The ideal germicide should have deter- 
gent properties as weU as bactencidal 


passing out beddmg promiscuously are some 
of the more ob\dous wa}^ of contammat- 
ing the operative field preoperatively ^\ith 
organisms ^vhlch may cause havoc if they 
are not destroyed 

In the operating room, the skin is dism- 
fected just before the drapes are applied. 

^HARD'i, A- V, HtTDSON, 1\L, JOKDAN, C F' ThC 
SHn as a Portal of Enm' m Br Mclitensis Infcctioiis, 
j Irjta Dis,i5 271, 1929 

® PgOAN, M , and 'Wheeler, S . Use of Extra\'asating 
Uj c as Measure of Skm Permeability to Bactenal In\'asion, 
Arch. SjTg , 34:591—598, 1937 

^ BuRTE^■SHAV.', J M L . Ivlcchamsm of Sdf-disin- 
fcction of Human Skm and Its Appendages, Am j Hyg , 
42:18^210, 1942 

= AR^oIXl, L , Gustaesov, C J , Hull, G , Mokt~ 
GOUERii, B E and Singer, C Sclf-disinfecting Fo^^er 
of Skm as Defense agamst Microbic In\-asion, Am. J Hjg , 
11:343-361, 1930 
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of Skin, Am. j. Hyg , 19.217-228, 1934 
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- Miles, A. -A, Schwab \cher, H , Cea-liefe, A. C , 
Ross, J. P , Spoon-ek. etc, Pilcher, R. S and 
WmcHT, J ; Hospital Infection of IVar IVounds, Bn! 

J , 2*655, December, 1940 


power A good skm preparation based upon 
a pair of germicides unth contrasting deter- 
gent powers is that of scnibbmg the skm 
uuth sponges moistened alternately wth 
1 1000 aqueous Zephiran and 70% alcohoh 
figure 165 Another mvolves rubbing the 
skin i\nth sponges moistened wnth 70% ethyl 
alcohol or ethyl-propyl-alcohol solution 
A technic ivhich appeals to many be- 
cause It demarcates the disinfected area is 
that used by the American Red Cross Blood 
Donor Ser\uce The fact that at the Boston 
Center 60,658 consecutive pints of blood 
were taken L\uthout a smgle contaminated 
bottle speaks well for its efficiency The skin 
is scrubbed vigorously for a mmute ivith 5% 
coconut oil soap Most of the lather is re- 
moved ■\\dth the sponge and U S P solution 
of iodme is applied and rubbed mto the 
Rkin for a mmute It is important to 
the lodme moist. The iodine is then removed 
by s^vabbulg the skin L\ath 70% alcohol 
An atraumatic preoperative skin prepara- 
tion is desirable ^vherever superficial mahg- 
nancy contramdicates trauma or m mia 
tomic areas such as the scrotum, the axiUsj 
the hands, and the feet ^vhe^e anatomic 
considerations make mechanical cleansm^ 
unreliable A good technic is to develop a 
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lather with a soft sponge and hot 
water and to shave the lather ofif with a 
sharp razor while the skin is gently tensed 
so that It presents a flat, smooth surface to 
the razor The gerrmade is handicapped m 
such areas because friction is not cflTcctivc, 
hence, prolonged eifposurc is necessary 
except for the most potent of them — lime 
paste — \\ hich can be apphed for four mm 
utes as a thm cream on the operatmg table 
and kept moist either by replemshing it at 
intervals or by addmg saline solution to the 
fr raTTL Other suitable techmes arc to apply 
a wet dressmg to the area mvolved for thirty 
minutes prcopcratively Aqueous Zcphiran, 
1 1000, or 0 1% aqueous lodme arc suitable 
genmades for this purpose. \Vhen the hands 
or feet arc to be disinfected, the best procc 
dure IS to furnish the patient with a brush 
and soap and teach him how to scrub the 
ikin of hts ovm hands and feet thoroughly 
The patient is then asked to submerge the 
extremity in a solution of the gcrmiade, or 
a rubber glove full of the gcnniade is put on 
and left m place until the patient comes to 
the op erating room. In the operatmg room, 
the glove or dressing is removed emd the 
rion is gently swabbed with 1 1000 aqueous 
Zcphiran, if Zcphiran is used m the wet 
dressing, or U S P sdution of iodine, if 
lodmc IS used m the wet dressing 

DIUNTCCmON OF SKIN THAT DOES NOT TXDL- 
EaATE SOAP 

Those who suffer from contact dermatitis 
due to soap ran cleanse their »kin by iwing 
synthetic detergents A convement one for 
routine use is an emulsion contaimng 
•odnun p ter octyl phcnaxycthoxycthoxy 
ethyl ether sulfonate, lanolm cholesterol, 
petrolatum.** It is commercially avail- 
able under the trade name ‘pHisoderm.’* 

■ Guild B. T Skin Dctafcnti and F.Tpffriwi rw vdth 
in Ether Sulfonate Compoond, Ank. DtrwtM. & Srpfi^ 
31iS91 1945. 


An aqueous solution of Zcphiran is com- 
patible with the use of this detergent emul 
non and seldom provokes a skm reaction 

The disinfectmg action of pHisodcrm for- 
tified with 3 % G-11 is so rapid that a Uno 
mmutes* preoperative scrub is bactcnologi 
cally feasible.** The use of this mixture 
provides optimum disinfection m areas 
where an atraumatic technic is desirable 
It 13 good for preoperative preparation of 
the penneum and vagina Means for eco- 
nomic dispensing currently prevent its 
widespread adaptation 

DBINFECnON OF WOUNDS 

The disinfection of WTDunds and the skm 
surrounding them is frequently a subject 
for discussion Three pnnaplcs arc impor- 
tant for wound healing 

1 The surroimdmg skm must be dis 
infected thoroughly 

2. All the dirt and devitalized tissue 
which arc potential culture media for organ 
imi< must be removed from the ivound 
Destruction of bacteria m the %vound iticl 
IS relatively unimportant, provided gooc 
hemostasis is attamed and every portion o 
the ivound presents viable tissue to comba 
the bacteria which must mc\Ttably be left u 
the tissues 

3 Dangerous organisms must be ex- 
cluded from the woimd There is cvidcna 
that many septic wxrunds result from th( 
careless mtroduction of organisms mto the 
wound by hospital personnel, either as £ 
result of spittmg mto the \vound \\'hjle 
talking over it or by probmg the wound 
with unstenJe fingers or instruments ^ ” 

Because the skm surrounding traumatic 

• HunrAozL, C. H., Hcataid R. and \\ altxk, C. W 
An In Vivo i>Ietbod Ibr the Evaluation of Skin Antfaepda 
In prat, >Sinfn 7 1947 

■ Chhboij<,T C.,Giahau,KLJ and Waltii, C. W 
An In Vivo Study of the R£di»ctkjn of Skin Bacteria Em 
ploying ■ DetCTfent Conodninf G-11 In prcM, 1947 
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The Most Efficient of 100 Detergents and Detergent Mixtures Tested 


COIQIEECIAL NAME 

raoPoanoNs 

ubr.l; 

CHEMICAL NATUEE 

ACTION 

PHTi'SICAL KATlJli: 

or laxTUK 

Sulfa tate 

Atlas-G 772S (Atlas Powder Co ) 

9 parts 

1 part 

Sulfonated petroleum 

Sorbitan lauratc 

Penetrant and Detergent 
Bmulsifier 

dear orange-ydltnr o3 
Soluble in 3% NsG 

Sulfatate (djTO Products Co ) 

Aerosol OT 25% (Am. Cyanamid Co ) 

11 parts 

1 part 

Sulfonatcd petroleum 

I>i-octyl sodium sulfosuccinate 

Penetrant and Detergent 
Detergent 

dear orange-ydlow dl 
Soluble in 3% NiQ 

SulIaUte 

Orv-us (Procter and Gamble Co ) 

19 parts 

1 part 

Sulfonated petroleum 

A fatty alcohol sulfate 

Penetrant and Detergent 
Detergent 

dear orange-yeDow efl 
Soluble m 3 S NiQ 

Sulfatate 

TcrgitoI-4 (Carbon and Carbide Co ) 

49 parts 

1 part 

Sulfonated petroleum 

Higher secondary alkyl sodium 
sulfonate 

Penetrant and Detergent 
Detergent 

Gear ytHoiron 

Soluble in NiO 

Sulfatate 

Oil Turkey Red (Eimer and Amend) 

Aerosol OT 25% aq 

6 parts 

5 parts 

I part 

i Solfouated petroleum 

1 Sulfonated castor oU 

Di-oc^I sodium sulfosuconatc 

Penetrant and Detergent 
Penetrant and Detergent 
Detergent 

dear oiange-ytHcw oil 
Soluble in 3SNiQ 

Oil Tu^ej Red 

Aerosol OT 25% aq 

11 parts 

1 part 

Sulfonated petroleum 

Di-octyl sodium sulfosuconatc 

1 

Penetrant and Detergent 
Detergent 

Thick, orange-} cBow oil 
Soluble in 3% NaO 


Rosmkrg^ 


wounds IS often soiled with street dirt or 
grease and grime, it is advantageous to 
disinfect the skin and cleanse it simul- 
taneously Lime paste is an ideal agent for 
the purpose A clean convement method is 
outlmed in figure 186 

The preoperative cleansmg of bums and 
traumatized hands presents a problem m 
removmg greasy gnme of the most tenacious 
sort Synthetic detergents are admirably 
smted to the purpose because they remove 
gnme qmckly with the minimal trauma 
necessary to swab or squirt them on the 
dirty area Once the gnme is impregnated 
wath the detergent and “solubilized,” it can 
be flushed away with clear water. 

Synthetic detergents are characterized by 
havmg water-attracting (hydrophihc) and 
water-repellmg (hydrophobic) groups at 
opposite ends of the molecule When dis- 
persed over a substance insoluble m water, 
whether particulate or homogenous, the 
hydrophobic groups orient themselves about 
the insoluble matter, leaving the hydro- 
philic groups presenting at the penphery 


Onented thus, the group has solubikzed 
the insoluble matter so that it can be wet 


and removed by water Smtable nonimtat- 
mg, nontoxic mixtures for use as skin deter- 
gents are listed above 

The umbihcus deserves particular men- 
tion because it is diflicult to disinfect with- 
out usmg a specific technic Gross mechani- 
cal cleanlmess is difficult to attam in many 


patients because of the greasmess of the ac- 
cumulated detritus Once the gross dirt has 
been removed, much progress can be made 
by applymg one of the synthetic detergents. 
Repeated apphcations of pHisoderm con- 
taimng 3% G-11 over the course of sev- 
eral hours wall result m surgical cleanlmess 
of the area 


The conjunctival sac and the oral cawty 
can be disinfected by the use of 1:10^ 
aqueous Zephnan Several drops can be 
instilled m the conjimctival sac without 
causmg symptoms or mjection The mou 
can be scrubbed with a sponge moistene 
with Zephiran 


” Rosen’berc, N The Use of Detergents in the 
mg and Local Treatment of Bums, Surgery, D 3 ' 


^ Kanavel, Allen B Infections of the Hand A Guide to 
the Surgical Treatment of Acute and Chrome Suppurative Proc- 
esses in the Fingers, Hcmd and Forearm Philadelphia Lea and 

Febiger, 1933 


» Walter, C tV The Use of a Mixture of 
Oil Dcnvativ'es as a Bactericide m the Operating 
Surg , Gyn & Ob , 67 683-688, 1938 
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Preoperative preparation of the vagina 
and permenm dependa upon mpThnni 
cal cleansing and hence is no more eflfectivc 
than the care and imdcrstandmg ^vlth which 
it IS performed. With most patients, me 
rhaniral deansing can best be accomplished 
by supervising the patient while she washes 
her o\vn vulva. Particular attention should 
be paid to the creases alongside the labia 
minora and about the prepuce. The pubis, 
the vulva and the penneum should then be 
shaved carefully and the patient given a hot 
douche. Here again, synthetic detergents 


do a better job than the traditional soap and 
water A few drops of pHisoderm, for ex- 
ample, spread over the labia suffice to solu- 
bilize smegma quickly and gently with no 
mechamcal assistance other than its applica- 
tion. Effective dcansmg of the vagina can 
be accomplished by the instillation of a soda 
straw full (1 C c.) of pHiSodcrm con tainin g 
3% G— 11 mto the posterior fomix of the 
vagina one hour pnor to givmg a hot douche 
of tap water The straw is loaded and emp- 
tied with the aid of a small rubber synnge 
bulb 
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CHAPTER Xm 


AIR-BORNE CONTAMINATION 


Talking through a mask over an open wound is bad enough when the subject pertains to the patient, but to do 
it for entertainment is sheer malpractice 

— Jean M Stevenson and Mont R Reid, 1941 * 


Contrary to widespread belief, the atmos- 
phere is not a reservoir for bacteria It 
merely serves as a vehicle for the trans- 
mission of organisms Sterilized air is just 
as good a vehicle as is polluted air The 
sources of bacteria m the air of the operatmg 
room are weU kno\NTi and the various reser- 
voirs which distribute these orga ni s ms are 
susceptible to at least partial control The 
most dangerous and ubiqmtous source of 
pathogemc organisms is the forcibly expired 
air of the operatmg room personnel, mclud- 
ing that of the surgeon and the patient A 
second important source of potentially dan- 
gerous organisms is dust scuffed from the 
operatmg room floor, ^ brushed from cloth- 
ing, or whisked mto the air from beddmg 
A third source of organisms, which may be 
dangerous periodically or due to faulty 
operatmg room location, is street dust car- 
ried m on the shoes of the personnel or the 
dust from window sills when ■windows are 
opened durmg the summer months Pigeon 
droppmgs, which decorate most institutional 
^vmdo^v sdls, are often pellets of concen- 

1 Ste\'E-nson, J M and Reid, M R. in Operative Sur- 
pery edited b> F tV Ba>croft Ne\v York D Appleton- 
Ccn’turv Company, Inc., 1941, p 243 Nen edition to be 
published by J B Lippincott Co 

^Crosbie, tv E and Wright, H D Diphlhcna 
Bacilli in Floor Dust, Lancet, 1 656, 1941 


trated tetanus bacilh ^ Dusty ventilatiiig air 
also may contribute organisms 

The problem of air-bome contamination 
is not new The ongmal work of Pasteur on 
fermentation focused so much attention on 


it that most of the early efforts at eliminat- 
ing postoperative suppuration were aimed 
at controUmg air-bome infection As the 
bactenology of the operatmg room was 
elaborated, it was recognized that other 
factors were more important than air-bome 
contammation and efforts to control it grad- 
ually relaxed Durmg the last twenty years, 
air-bome contammation has agam been 


studied as the cause of a residuum of post- 
operative infection which escapes control by 
other methods The magmtude of the prob- 
lem IS grossly apparent when the amoun^ 
dust settlmg through a ray of sun is 
In terms of bacteria, it can be demonstrat 
that 30,000 to 60,000 viable organisms may 
contaminate an aseptic field per hour- 
The fact that still air is sterile emphasizes 
the role played by personnel m stirrmg iip 
organisms just as they stir up dust and m 
expellmg organisms from their naso- 


larynges durmg forceful expiration 

* Russell, A. W Pigeons as Possible Tetanus C 
TS, Bnt M J ,2 1220, 1937 

* Meleney, F L Infection in Clean 
ounds — A Nine Year Study, Sitrg , Gyn & Ob , 

6, 1935 
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Thb Filtejuko Acnow or NtAjrs 



Tu*e Ooowt 
(I ndirect CcnUmhuuloa) 

PlATX OtomT 
(IXrect Oofffjnlncko) 

ArerafC 

Sluimura 


1 IhTaTlpiriiq) 

SvgKal MtsLs 


1 

1 Armge 


Quiet breathing vnthout mntk 

8 


78 

259 

Qiaet breathing with mask 

19 

99 

91 

315 

Talking without mask 

M 

337 

3,247 

47 600 

Tshong with mask 

35 

120 

194 

620 

ladctruJ Masis 





Quiet breathing without matk 

4 

15 

20 

65 

Quiet breathing with maik 

5 

15 

22 

44 

Tdking without mask 

31 

62 

1 1 089 


Talking with mask 

7 

52 

61 

130 




itaclf At the present stage of development 
of the art, as much can be done for the con- 
trol of air borne contammation by the ob- 
servance of simple common sense bacteno- 
logic pnnciples as is contnbuted by elabo- 
rate apparatus. 

StAS3UNO 

Masking IS the only effective ledmic for 
controlling the discharges from the naso- 
pharynx. As recognized m 1888, the prob- 
lem 13 not the control of the individual 
organisms which may be expired but rather 
the removal of gross droplets of saliva or 
mucus expelled during forced expiration • 
Masking controls this type of contaminaoon 
effectively An unmasked mdividual breath 
mg either through the nose or the mouth 
expels only a few bactena into the air as is 
shown m the table above • As soon as he 
talks, large numbers of organisms arc ex 

' WAttm, A. Eiodro^ctiihation dc Ttir ^Sewi 

A U SoaM rt d* RmdtoUiu October 1937 

• Str»m, M I Sur rsbacncc de mlcrobci dua Talr 
CKpiii, Ajo. A rinn Ptsit» T2il81-1M 1888 

* Hnjnmj) J W »nd L mto, P J SurjkalM**! — 
An E*perimcntil Smdr SkrgtTy 9i720-730 1941 C V 
Kloaby Cocopiny 
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The Ley to effective control of air borne 
contamination is the recogmtion and sup- 
pression of the source of the bactena The 
filtration of bactena from a stream of dry 
air has proved ineffective ‘ because cfBacnt 
filters offer so much resistance to the passage 
of air that it cither arcumvents the filter or 
the stream is stopped, making the applica 
tion of that particular filter impracticable. 
Nevertheless, filtrauon of the expired air 
through masks is one of the most important 
means of checking wound infection. Hcctro- 
ttatic prccipitatioa is effective but so far not 
feasible for operating room use 
Methods which destroy organisms sus- 
pended in the air arc good but require 
special equipment These range firom de- 
vices for the sterilization by germicidal gas, 
^®ually formaldehyde, of the unoccupied 
operating room,* to the contmuous stcnliza 
ton of the air circulated thrau^ an operat- 
ing room by ozone,^ to the use of aerosols or 
ultraviolet radiation m the operating room, 

'llioon, EL W aixl Mrrattm R- D Air FUten 
Water RtcHIlii n Pm ^h h tI 

1938 

Gwtn M Flcdtkjai AaepjU »pri Total SterfUa»tlon, 
™ 44,355 Mwth 1936 (■b«tr»ct) 











pelled forcibly, chiefly m the form of drop- 
lets of saliva and bits of mucus Every force- 
ful expiration is a miniature sneeze so far as 
tlie spray driven from tlie nasopharynx is 
concerned Super-speed photographs of a 
sneeze show tliat the droplets are expelled 
at speeds as Ingh as 100 feet per seeond A 
mask catches tlie direct spray and accord- 
ingly reduces the number of bacteria m the 
air for the moment As tlie droplets which 
impmge on the mask evaporate, the bacteria 
are deposited on tlie mask and subsequently 
entram durmg quiet expiration Thus, the 
air expired through a mask that has been 
worn for a few mmutes carries more bacteria 
than that from an unmasked mdividual who 
is breathing quietly The mask, tlierefore, 
acts as an averagmg device To afford the 
maximum protection, qmet breatlimg is 
imperative because a mask with mmimal 
contaimnation is more effective than one 
winch IS saturated ivith organisms and 
hence contributes bacteria to the expired 
air Certamly, anyone familiar ivith the 
facts ivill recognize mstantly that the mask- 
mg IS so imperfect that those suffermg from 
upper respu'atory infections should keep out 
of the operatmg room 

The best mask is made of six layers of 

42 X 42 gauze, fasluoned to hug the face so 
closely that tlie expired air is forced through 
tlie gauze ratlier than deflected behmd 
tlie gauze The filtermg efficiency of such 
masks inci eases markedly after repeated 
ivashmg because of mattmg and feltmg of 
tlie fiber Tliey catch as many as 90% of the 
organisms after havmg been laundered 

ioJevntsov, M tv and Edgerton, H E Droplet 
Infection of Air High Speed Photography of Droplet 
Producuon by Sneezing, Ptoc Soc Exptr Biol S’ Med , 

43 455-458, 1940 

” UliraNnolet Curtains, editonal, M , 222 647, 

1940 

i=/\scROFT, P B Control of Sepsis in a Hospital in 
North \fnca uath Observations on Sulfathiazol Pro- 
fla\anc Powder in Surgical tVounds, Lanut, 1 594, 1944 


twenty to fifty times The resistance to air 
flow IS sufficiently low so that they are 
effective filters Four layers of 50 X 56 
mesh muslm may also be used The suit- 
able masks are illustrated One, figure 97, 
provides a metal strip which can be fash- 
ioned to fit the nose to prevent fogging of 
glasses, the other, figure 98, is an interesting 
modification which has found favor for com- 
mumcable disease control but does not fit 
everyone comfortably 

The use of impermeable matenal as a 
mask IS not desirable because the expired 
air IS simply deflected around the edges of 
tlie mask and the atmospheric dissemination 
IS the same as if no mask is worn Such 
masks may be used advantageously where 
ultraviolet radiation is available to destroy 
bacteria m the air Otherwise, the masks 
safeguard the wound only m that gross 
spittmg is checked 

Masking gives the optimum control over 
contamination from expired air if the 
foUowmg rules are observed 

1 Masks should be changed as often 
as possible Their effectiveness decreases 
rapidly after they have been worn several 
mmutes 

2 Masks should fit the face snugly so, 
that the air is forced to filter through the 
mask 

3. For maximum efficiency, forced ex- 
piration should be aimided Talking, sigh- 
mg, lauglung, sneezmg, coughmg, all deposit 
bacteria on the masks, which subsequen y 
contammate the air expired during norm 
breathmg 

4 New masks should be laundered before 
use to mcrease their filtermg efficiency 


E 

Rooks, R., Craixey, L J and Barnes, 
dospital Masks Their Bacterial Filtcnng 
l-csistance to Air Flow A Comparative Stu ), 
■iealth R , 56 1411, July, 1941 

” \rmold, L New Surgical Mask, Bacten og* 
•Utcr, Arch Surg , 37 1008-1016, 1938 
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5 Because masks arc relatively meffec 
tual, anyone with upper respiratory infcc 
Uon IS grossly negligent when he enters an 
operating room- The fact that those with 
strongly positive nasal cultures expelled 
hundreds to thousands more hemolytic 
streptococci than mdividuals w'lth negative 
cultures is evidence compelling surgeons 
to keep “colds” out of the op)eratmg 
room. 

The character of the contamination from 
dust IS also susceptible to control Patho- 
genic organisms arc prevalent m any oper- 
ating room where surgeons carelessly con- 
taminate the floor with pus and blood other 
by mosing abscesses and permitting the pus 
to squirt spectacularly to the floor, or by 
carelessly tossmg sponges at, but not in, the 
kick pails The circulating nurse who carries 
a dripping sponge from the kick pail to hang 
It on the sponge rack also contaminates 
the floor Contaminated areas should be 
scrubbed immediately with a mixture of 
Inne paste or 1 1000 solution of sodium 
hypochlorite to dmnfect the area- It is the 
duty of everyone privileged to work m an 
operating roo m to protect the floor from 
contamination with pathog ens. 

Operating rooms must be kept scrupu 
lously dean with soap and water The use of 
dust free deansers is imperative and sur 
gconi must avoid scattering talcum powder 
because such particles contribute greatly to 
the dust m the air Qcaning should be done 
by vacuum, preferably with the type of 
deancT m which the exhaust is discharged 
outdoors Dry mops and brooms must not 
be used- Cleaning should be done at least an 
hcnir jjnor to operation so that there is 
sinplc tune for bacteria to settle fixnn die 
dr before the stcnlc fidd is exposed Wood 

"RoBomon O H., HAunum, M., Loooj, O. G 
Pwx, T Lanon H- M. aad Wn*, H A Stuiy d 
Nrtnro &od Coottol d Air-bceno Infixtkm In A rmy 
J-AJrfwL, 126 j993-1000 1944 


floors and those cov er ed with Imolcum can 
be treated with spindle oil to allay dust One 
htcr of the oil is apphed to 30 square meters 
of surface which has been scrubbed dcan- 
Thc oil is noninflammable, odorless and not 
slippery tvhen dry Appheations must be 
made twx) and five weds after the initial 
oiling, thereafter at mtcrvals of seven 
weeks “ 

The bacterial count of air during sweep- 
ing or activity is markedly reduced by this 
treatment and with it the madcnce of 
respiratory discasc-^^ The oil is ddetenous 
to rubber tile floors and meffective on tfle or 
concrete,** Ultraviolet irradiation of the 
latter types of floors may prove cSective ** 
For highly polished floors a mixture con 
sisting of 


Urea 50 gr 

Nlnol* 30 gr 

Roccal (12.8%) 9 cc. 

DutiUed ^'rata’ qx- ad. 1000 cc. 


dnes quickly so that it is not slippery but 
bolds enough moisture to produce wetting d 
particulate matter contacting it. It retains 
Its bactcnadal power tvell but must be 
reapplied daily ** 

Street shoes and clothing should not be 
ivom m the operating room nor should those 
who care for patients with infected wounds 
or contagion enter the operating room with 
out changing clothes The bed clo thin g of 
patients with contagious disease or infected 

'*TBcotAj,J G. Rcdoctloii of Dott-bocce by 

Oaing Fkxn, Lnot. 2 123 1941 

^AMDtMOM P H. R, BccaAKAH J A. aod Mao- 
PoHTt-AMD J J CHled Flboo tD Controi Roplrmtnry 
Infrrtinn, Bnl Af 1 616, 1944 

■WBium- CbiDinaaHAXK, R- and Go« W Tbe 
Central d Drat-bome Streptococcal Infecdon In Mcaild 
Waidi,nnt M li611 1944 

** Hollazvdxb, a., Dd Boy H. G., InTBASAU, H. S. 
and WHmxp, S M. Control d Air-borne Mlcro- 
cryanhrna by Ultrmvlalet Floor Imdlatkn, 

99 130-131 1944 

A fyntbede determent manuCactnrai by NlncJ Lab- 


araiDfiea, Cnlogo, nTinrHt 
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NATURAL DISAPPEARANCE CURVES 
FOR BACTERIA IN AIR 


DISAPPEARANCE CURVES WITH AEROSOLS 




Figure 134 XVilbanuon & Gotaa: “ 


Figure 135 Williamson & Golaas^ 


■wounds should not be taken to the operating 
rooms, nor should their dressings be care- 
lessly thrcn'm about, particularly when they 
are dry. Pathogenic organisms do not gen- 
erate spontaneously; they are carried from 
patient to wctim by v/ell-meaning doctors 
and nurses Clothing and blankets 

r^T) be treated 'v'dth a dust-laying emulsion 
to reduce by 98% to 1 00% the number of bac- 
teria thrown mto the air.^’ The technic is 
simple. The clothing is laundered and given 
a final rinse in a 20% solution of a stable 
v/ater emulsion of -white oil * Its appearance 
and texture is unaffected by the treatment 
Treated blankets do not create a fire risk. 

Air-bome bacteria disappear rather 

2 tllES, A. A-J SCH-.' AEACSER, H., CvTLirFE, A- 
Rcc J- Pt Spoo':zp^ E T. C , Photsr, R. S and 
\Vright, J.: Horpital Infenion of IVar IVounds, Bnt 
M J., 2 S55, 

~ SoxxmizT; Strtpioooccal IVound Infcctaon, Edito- 
rial, :>^J M , 230.6^2, 1944 , 

= 70 *: Individual Strtplocoacus Czm^ss, EditonaJ, 
JJ.MA., 125:550, 194^. 

= Yai EE!' E’cna, 2*1- and Thoj-ias, J C Tbo Trcat- 
mont of Boddodiis Durt-layicg 02r, Ls«rf, 2:75 d, 
19^1 


qmckly. The rate of natural disappearance 
varies greatly for different bacteria and is 
related to the relative humidity of the air/^ 
For example, the rate of disappearance of 
B. coli is more than doubled by increasing 
the relative humidity from 45% to 90% 
The normal rate of disappearance of bac- 
teria from air follo\vs approximately 2 
straight logarithmic curve, figure 134 
Recent investigation shows that air can he 
effectively disinfected by dispersing germi- 
cides in the air as a mist^® The mode o 
action varies Some germicides, typified by 


* Durctions for large scale treatment of hospsisl bed 
clothes have been elaborated by the Bntish Laundn<3 
Research Association. Hapv.ood, F C, Pov**'ey, Jf 
Edv.ards, E -W , a Nciv’ Technique for the AppbraU^ 
of Dust-laying Oils to Hospital Bedclothes, Bnl 3 J-j 
1 - 615, 1944 

«Welis, W- F and PaiE-r, E C : An 
of the Bacterial Contamination of the Air of Tcrtilc 
vith Special Reference to the Influence of 
Humidification, jl Iniust Hjg d? Toxicol , 19 51-:'-^ ’ 

WiLUAiaoi., A. E and Gotaas, H B 
■St- riliza tiori of Air-bome Bactena, Indusl Med , H* 


1942 

" Germiadal 


Gas, editorial, jAMA , 118 754, 15 
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hex y tres or cinol or sodium hypochlonte, are 
active because each small droplet contains 
the famr concentration of gcnmade as the 
parent solution which is atomized and will 
destroy bacteria on contact because an cffcc 
tive concentration of germiadc is quickly 
built up about the bacteria Others, for ex- 
ample, the glycol group, arc lethal pnna 
pally because of the rapid cvaporatioii of 
the aerosol droplets ivith the hbcration of 
the glycol gas. The concentration of germi- 
cide necessary for disinfection of the air is 
furpnsmgly ^rnall One part of propylene 
glycol to 2,000,000 or 3,000,000 parts of air 
IS effective against influenza virus ^ A con- 
centration of sodium hypochlonte, one part 
of mist m 1,000,000 parts of air, or a mist 
concentration of one part of rcsorcmol- 
glyccnne aerosol to 272,000,000 parts of 
air, IS effective, figure 135 “ 

Available aerosols arc not practicable for 
c^Jcrating room use because they are either 
imtating to the eyes and lungs or they are 
toxic. Ultimately, a nontootic, Qonimtating, 
invisible, noninflammable, noncorrosivc, 
persistent aerosol will be developed which 
iviU not leave a residue on walls and furm 
hire. At pre sen t, aerosols arc effective for the 
fumigation of air in empty rooms or when 
toed as a wash for the dinnfcction of exposed 
•urfaccs. The most readily applicable one is 
03% solution rf sodium hypochlonte dis- 
persed m a closed room with a pmver atom- 
izer The room should be quarantined for 
one hour limitations whi^ must be rc- 
memb ered arc that dry organisms arc not 
killed and that a relative humidity above 
65% must be attained. The hypochlorite 
disappears from the air rapidly Volatile 
organic compounds, phenol and crcsol for 
of ninpl e, neutralize the hypochlonte.** 

*'Rcw»no). O R,LocBU,aO, Pucx,T T.,Btoa, 

»«1 Mn j g, B, F The proteetkn o( mice afilim 
“fcoicn with alr-bamc Infloom virm by of pr^ 
Styaal vipor Soaa 94:612-613 IMl 


Another promising aerosol, tncth)’lcnc 
glycol, awaits the design of apparatus for 
dispersmg and controllmg the concentration 
of the vapor m large rooms. It is nontoxic, 
bactericidal, and vinadal m concentra- 
tions of one volume glycol to 2 x 10^ 
volumes of air ** with a relative humidity 
of 40% 

Ultraviolet radiation is the only appli- 
cable method for sterilizing the air m oper- 
ating rooms at the moment *• The technic 
is spectacularly novel, particularly to the 
lay mind, and httic has been written about 
Its limitations 

When sunlight is dispersed through a 
pnsm, the energy ^vaves arc sorted accord- 
ing to thar \vave lengths and the typical 
reaction pattern of the familiar ramboiv 
can be demonstrated The visible spectrum 
IS re pres ented m figure 136 as that area of 
the electromagnetic spectrum extending 
from the violet (3970 A) through the ram 
bow colors to red (7594 A) In the region 
immediately below the violet end of the 
spectrum he radiations important to the 
good health of nmmah and plants. They arc 
nnpcrccptiblc to human beings and arc 
known as ultraviolet radiation The band of 
ultraviolet mcludcs \vave lengths of 136- 
3000 A. At the opposite end of the visible 
ipcctnnn, the infrared radiations arc more 
familiar because of the perceptible glow, 
appreciated as warmth, stimulated by the 
mvmble infrared rays. 

It has long been recognized that ultra- 
violet radiation has defimte physiological 
effects, several of which are of interest m 
this apphcation It produces erythema of the 

•Bocidtllow R. B., Tjmwj, O M- *nd LgvTroar, 
J £. SoCTitnt aod DulofcctloQ by Hypochkvitei, BHL 
M Ui2-M 1M2. 

■ Roiunm O H. DamfecdoQ of Air by Gcrmiciiil 
V«pon aod Mim, Am. J pyi IftmUk, 34 8S7 1944 

"Hajtt D StcriEnijon of ibc Air la the Operatlnj 
Room by SpecUl Bacterlddil Radiint E uu^y J Titnne 
Afff.,6t45-81 1936. 
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untaimed skin which is associated with the 
production of the tyrosine responsible for 
the pigmentation of tannmg It also causes 
the change of histidme to histamine which 
is responsible for the local and general 
reaction experienced after exposure to ultra- 
violet radiation The antirachitic effect is 
well known Another effect is the bacteri- 
cidal one Identification of the wave lengths 
responsible for these actions of ultraviolet 
has been the result of gradual delmeaUon 
by many investigators The peak of bacten- 
cidal acmnty hes m the region of 2537 
A, that for antirachiUc activity is optimum 
at 302 A, \vhile that for erythema produc- 
tion lies at 2975 A Selective filtrauon sys- 
tems are available w'hich make it possible to 
use radiation -within bands of specific wave 
lengths This is particularly true when such 


filtering systems are applied to ultraviole 
generators emittmg a continuous spectrun 
where as much as 88% of the energy 
can be limited to the band approximatinf 
2537 A 

Merely definmg the quality of ultraviole 
radiation used is not sufficient for bacterici 
dal processes, any more than determining 
the quality of saturated steam being used r 
sufficient for sterilization The quantity o 
ultraviolet is readily measured by physica 
methods mvolvmg the use of a photo-electnc 
cell, protected by a filter which limits the 
radiation to a selected range, to meter the 
electnc current produced by the radiant 
energy mto a condenser When full, this con 
denser discharges through a vacuum tu 
and registers each discharge on an electnca y 

ELvjsser, K W andVAHLE.W Die Abhangigl o'^^ 
Lichtcrythcms und dcr Pigmcntbildung von dcr S 
ungszahl (WcIlcnJangc dcr crrcgcndcn Strahlungli 
rnlherapic, 13,41-71, 1921 


^ Luckiesh, M and Taylor, A, H Production of 
;rythcraa and Tan by Ultraviolet Energy, JAMA, 

12 2510-2511, 1939 

ri94i 



operated coimtcr Because the counter cheks 
at discharge, the quantity of radiation 
required to cause the condenser to discharge 
IS known as a “elide” ** It is much like 
measuring the strength of a man by letting 
him pump water from a well mto a bucket 
and expressmg strength as the “splash” 
made every time the bucket is emptied 
The lethal penod for ultraviolet radiation 
13 detennmed m two ways One method is 
to expose a limited area of blood agar 
jdates, seeded with bacteria, to ultraviolet 
radiation so that the unexposed portions 
serve as a controL The end point for this 
method averages five minutes* exposure to 
ultraviolet radiated at 22 clicks per minute. 
The result of a typical experiment on 
staphylococcus aureus is illustrated m fig 
tire 137, which shows an end pomt at six 
niinutcs ** The more crucial method in- 
volves the determination of the mtensity of 
radiation necessary to destroy bacteria sus- 
pended m air Ultraviolet is approximately 
nine times as effective against air borne 
bacteria ai it is against those seeded on the 
blood agar plates Thus, at an mtensity of 
1 3 clicks per minute, bacteria falling through 
ultravioltt radiation at a rate of three feet 
m one mmutc arc destroyed The effect of 
varying mtensity of radiation is tabulated 
below 


^-XTHAL iHTLiariY OT ULTILAViaLKT FOR BaCTEIUA 
Df Am 



DETERMINING LETHAL PERIOD 
FOR ULTRAVIOLET RADIATION 



Frotaus 137 Kratal CxmtMt & 


In addition to the obvious erythema 
caused by ultraviolet, other dangerous 
effects arc recognized. A detailed study of 
the action of ultraviolet radiation upon the 
exposed intestines of gumca pigs has demon- 
strated suflSaent tissue mjury to malc e its 
mdiscnminate use univisc. The histidmc- 
histamine effect stimulated m the exposed 
mtestmes is suffiaent to cause mjury rangmg 
from a mild reaction to firank gangrene. 
The production of adhesions bcUvecn con- 
tiguous loops of exposed gut is a good meas- 
ure of tissue injury and permits the r nm -lfl 
tion of the minimal lethal exposure for 
bacteria with the maximum exposure that 

** Rdtifchlem, H. C. An Ultninolet Light Meter 
J Am. iMstit, i/ Eltc iStllS Februwy 1930 
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BACTERICIDAL EFFECT VS. TISSUE TOLERANCE 
OF ULTRAVIOLET 



Figurc 138 JCrmsd, CimtoUi & Mcleney^*' 


is safe for tissue, figure 138 Correlation 
of the exposure to ultraviolet and the result- 
ant photo-ophthalmia shows variation from 
slight passing conjunctival hyperemia to 
extensive inflammation resulting in per- 
manent interstitial corneal opacity The 
skin, tissues, and eyes arc injured by ex- 
posure to ultraviolet and must be properly 
pi otcctcd 

Certain additional limitations must be 
considered in applying ultraviolet radiation. 
Tlic germicidal action of ultraviolet is a 
surface effect only The radiation docs not 
penetrate the surface of liquids but is readily 
reflected, hence, droplets aic not sterilized 
The penetration of iDactcricidal wave lengths 
m normal skin is negligible The intensity 
of the surface effect decreases as the square 
of the distance from the radiator, so that 
care must be taken to provide the proper 
distribution for bactericidal action, while 
avoiding excess exposure 


Shadows protect bacteria from the lethal 
action of radiation, hence, every suifacc of 
an object must be exposed to ultraviolet for 
total sterilization. The organisms harbored 
in dried pus arc protected by tire shadows 
of tlie organisms on the surface of tlic 
pus 

The action of ultraviolet is not instan- 
taneous and sufficient exposure must be 
provided to sterilize Thus, it requires one 
minute’s exposure to ultraviolet radiation 
having an intensity of 1 3 clicks per minute to 
destroy an -borne bacteria. In practice, tins 
corresponds to the stei ilization of organisms 
falling through ultraviolet at the rate of 
tlircc feet per minute. Ultraviolet is not 
effective therefore in destroying organisms 
as tliey aic expelled forcibly from tlic 
masked moutli or nose duiing talking, 
laughing, sneezing, sighing, or coughing, 
where speeds as high as 100 feet per second 
may be attained The ozone generated by 
ultraviolet lamps is a hazard tliat must be 
recognized Concentration as low as one 
part in 25,000,000 is irritating to the mucous 
membranes of the upper rcspiratoiy tract 
Adequate ventilation must be provided to 
prevent conccnti ations great enough to 
cause a detectable odor Ultraviolet lamjM 
suitable for disinfecting purposes sbou 
have a minimum intensity of radiant 
m the bactericidal wave length of 2 
Angstroms of 20 micio-watts per square 
centimeter at a distance of one meter 
pendicular to tlie plane of the lamp 
minimum useful life of 4000 hours has 
established for ulmaviolct lamps Because 
there is no otlrer way of determining 
whetlici the lamps ai e emitting lethal ra m 


s'Kraissi , C J , CiMiom, J G .-ind MruNry, F L 
Consider.itions in the Use of Ultraviolet Radiation in 
Operating Rooms, Am Surg , ill 161-185, 1940 

» Vi niioi ri', F H and Bn i , L The P.athologic.al 
ElTecLs of Radiant Lncrgy on the Eye — An Espcriincntal 
Investigation, Proc Am Ac Arts and Sciences, 51 629, 1916 


36 WmirRiDcr, W N and Yaglou, C P I’t 
Ventilation Its Possibilities and Liniit‘Tli°”^>^ 

Piping, Air Conditioning and Ventilating, H 648 ~) 

•'Council on Physical Tin rapv ^ , 

Ultraviolet Lamps for Disinfecting Purposes, j ' 
122.503, 1943 
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ULTRAVIOLET INSTALLATION IN OPERATING ROOM 



ion, they must be tested ^vlth an ultraviolet 
neter at monthly mtcrvals Those found 
aulty must be replaced if they are the type 
‘vhich emit excess radiation when neiv and 
Ictcnoratc to the minimiiTn at 4000 hours, 
tf they are the Vind that arc provided with 
a voltage regulator to compensate for the 
decrease In mtcnsity of emitted radiation, 
appropriate adjustment should be made. 
Lamps must be cleaned daily to pre ven t the 
accumulation of a barrier of dust. 

Several technics for the use of ultraviolet 
have been desenbed Figure 139 illustrates 
a suggested technic which has proved effec- 
tive, The penphery of the operating room 
n fitted with a senes of 30^' ultraviolet 
gencraton, each with a control to regulate 


Its m tensity In use, the radiation m any 
part of the room is measured and adjusted 
to provide safe control of air borne bacteria 
as mdicatcd m figure 138 Because the 
greatest contamination of air occurs at the 
bcgmnmg of the operation when the activity 
of the operating room personnel is at its 
pcah, the mtcnsity is kept high and can be 
Imvcrcd as dchcatc tissua are exposed.** 
The air at the operative field itself is dis- 
infected by an ultraviolet generator located 
about the penphery of the operating light. 
When fitted \vith suitable reflectors, it is 
possible to mamtam an optimum radiation 

■ hunrr O At. aad Bkooee, J W loddeoce cf Air 
bone Bactem in the Major Si iigay of the Moltoomah 
County Hoipicil,SkT/ri 7 41755-761 1938. 
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ULTRAVIOLET INSTALLATION 
FOR COMMUNICABLE DISEASE CONTROL 



WARD CORRIDOR 



O 






of 13 clicks per minute, v.hich kill o\*cr 
99% of the organisms suspended m the air 
abm'c the opcraii\*c site. In figure 139, the 
chimnc) effect of the light is depended 
upon to keep the organisms susp>cnded in 
the air for the lethal period of one mmutc 
This technic permits the exposure of Msccra 
safcl) for periods of fort) minutes. 

The operating room staff must be pro- 
tected from irradiation conjunctmtis h) 
clear glass goggles The skm of the head 
and neck arc best protected by a vndc 
bninmed helmet fitted mth a snood like 
skirt to protect the back of the neck. 

The use of ultra\ioIct radiauon for the 
flcnlizaUon of air in the operating room 
should be limited to those few surgeons who 
arc cognizant of the bioph)ncs m\‘oU cd and 
who understand its limitations and its 
hazards- Ultra\aolct stcnlizauon of the air 
IS an unjustifiable luxury m an> hospital 
unless all the other equipment essential for 
the safety of the pauent has been provided 
and unless an ideal aseptic technic is whole- 
heartedly enforced bcaiuse more organisms 
arc mtr^uced on fingers, instruments, and 
dressings than ever fall into the wxmnd from 
the air 

Ultraviolet radiaUon can be used most 
adv’antagcously to control the spread of 
respiratory mfecUons. To be successful, 
however, an adequate installauon Is cssen 


tial Makeshift installations may be danger- 
ous and meffcctual Radiauon of only the 
upper air is useless ” Curtains or bamers 
of xiltravnolet of adequate mtcnsity to effect 
pracUcally 100% kiUing must be used 
Safeguards against excessive exposure of 
the occupants of the room must be provided 
In aislcv\‘a)'s and the like where transient 
personnel carry on their work, the mtcnsity 
of radiauon should not exceed one-half 
microwatt per square centimeter for a con 
tinuous exposure of eight hours or one 
tenth microwatt per square ccnUmctcr for 
a conunuous exposure of 24 hours per 
da) 

An clfccuvc technic for the use of ultra 
violet curtains is shown m figure 140, 7 
The direction of the ultraviolet ra)*s is shown 
b) the arrows the source is a senes of lamps 
mounted, detailed in figure 140, 2, on either 
ndc of the passagewa)"* so that the curtain 
of lethal ra>'s extends completely across the 
passage. Since all partiuons extend from 
floor to celling, each cell is effccUvcIy i$t> 
hted Ventilating air is stcnlizcd by ultra 
violet before hberauon mto the ward 

• Roromow E. CL, Dovxr, XL E. •nd Thdau, F F 
Uk of intTTviolrt Radi<boa in Reduction of Rapfntory 
Cro* infcctiop, b a QiUdrcni Hcsp4tal, 

121i908 IM3 

•Cowai. or PinmcAL TnuAnr Ultraviolet T-»mp 
for Dolnfming Purpcaa — Introductory Satcmcni, 
13Sj92, 1943 
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CHAPTER XIV 


OPERATING ROOM TECHNIC 


During ihc battle of El Alamein, one surgical team did 100 operations, of them on brain wounds, in 12 
days. This experience convinces us that time is saved by not skimping the preliminaries Careless placing of the 
patient on the table, niggardly shewing and indtffereni arrangement of the drapes all make for slipshod or slow 
and wearisome operating. 

— P B Ascroft, 1943 ^ 


The modem operating room contributes 
seven essentials for safe surger}^ 

1. A comfortable, dust-free emoronment 

2. Facilities for safe anesthesia 

3. Adequate, controlled illumination 

4. Sterile instruments and supphes 

5 Equipment for optimum positioning of 
the patient 

6. A simple technic for drapmg the 
patient. 

7. Accessor)* tables so that the surgeon 
has an ample field on ^vhich to \vork 

The last four of these essentials have be- 
come the responsibility of most operating 
room nurses and represent their contribu- 
tion to the success of an operative pro- 
cedure This chapter concerns itself Mth 
these duties. 

Operating room technic must be so simple 
that the anesthetist, the nurse, the surgeons, 
and the patient can arrive together and 
prepare for die operation simultaneously If 
A\-ell organized, ever)"one contributes his 
share in the preoperative set-up ^\^^hout 
delay or mconvenience to any member of 
the surgical team Tiii-' technic to be de- 


scribed makes the attainment of this goal 
feasible anywhere Its success depends upon 
the intelligent anticipation of the surgeon’s 
needs and the standardization upon several 
sterile kits which provide everything re- 
quired for the surgical procedure As ex- 
plained in the precedmg chapter, these kits 
can be sterilized and kept on hand and 
need only be opened immediately pnor to 
use The routine for each member of the 
surgical team vnll be described and his 
contribution to the preparation for a lapa- 
rotomy ^vlll be correlated "with that of the 
others 

Wdaen the patient and the complete surgi- 
cal team are all m the operating room, the 
patient is hfted to the operating table and 
anesthetized Mean\vhile, those who are to 
enter the sterile field discard their street 
clothes and shoes and dress in freshly laun- 
dered operating suits and recently cleansed 
shoes Clean caps or turbans are adjusted 
to confine the hair Turbans are more 
efiective than caps for -women and are eas)^ 
to make and put on, figure 141 The instru- 
ment man selects the proper instruments, 
arranges them in a tray or bucket and puts 
them m the sterilizer tyfruJe the members 
of the team disinfect their hands and arms, 

ITum 1 , fos' ^ 


5 .Ascroft, P B Treatment of Head AVounds Due 
I ACssdes, Lcna-1, 2 211, 1945 
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the circulating nurse gets out the following 
packages of sterile supplies, figure 142, 1 

1 Appropriate package of dry goods for a lapa- 
rotomy, figures 75 to 78 

4 abdominal flats 
2 fluffs 

6 Mikulicz pads 
1 package of sponges 
18 towels (6 folded for drap- 
ing the skin, 1 fanfolded) 

1 abdominal sheet 
4 gowns 

2 Dry goods for instrument table 

1 large sheet 
I gown 
1 towel 

3 Basin kit for major procedure, figures 126 and 
127 

4. Nurse’s kit, figure 128 

5 Package of sterile gloves, figures 116 to 121 

6 Sterile silk, figures 123-124 

7 Sterile skin sutures, figure 125 

The first package to be opened contains 
the dry goods for the nurse’s table. Because 
the dry goods in this package were located 
in a specific position on the sheets which 
comprise the stenlizing wrapper, figure 75, 5, 
care must be taken to locate the package 
properly so that the stack of dry goods will 
be in its intended position For most proce- 
dures, the dry goods are located in the right- 
hand rear comer of the table For permeal 
work or for some neurological procedures, 
it IS better to locate the stack of sterile goods 
in the center Standing at the front of the 
table, the circulating nurse opens the library 
tic and removes the cord The folded ends 
are turned out and loosened, figure 142, 2 
The cuffed back fold is grasped at either 
end and the edge of the sheet is held tautly 
as it IS pulled over the edge of the table, 
figure 142, 3 From the opposite side of the 
table, the second cuffed edge of the wrapper 
is hcl4 as before and draped over the edge 
of the table, exposing one half of the sterile 
contents, figure 142, 4, 5, Returning to the 


front of the table, the edge of the last cuff is 
carefully picked up and the remaining fold 
is pulled back to cover the first one, draping 
the nurse’s table with four thicknesses of 
musim, figure 142, 5, 6. 

The basin kit is fitted into the basin stand 
by the circulating nurse. The library tie is 
pulled loose and the cord removed, fig- 
ure 143, 7. The presenting comer of the 
wrapper is grasped in the left hand, fig- 
ure 143, 2, and peeled off. The comer of the 
next fold is grasped and turned down, fig- 
ure 143, 3 To avoid reachmg across a sterile 
field, the nurse then takes a position so that 
the tumed-back cuff of the third comer can 
be pulled toward her, figure 143, 4 Finally, 
the cuffed edge of the last comer of the 
wrapper is pulled back, figure 143, 5, ex- 
posing the sterile kit supported on a stand 
draped with a sterile sheet, figure 143, 6 
The scrubbed nurse, who has completed 
the disinfection of her hands, puts on a pair 
of gloves m a central glove basm mamtamed 
specifically for the purpose 

The key to putting on wet gloves easily is 
to keep them full of slippery fluid; 1 5000 
aqueous Zephiran serves the purpose admi- 
rably. The gloves used by the scrubbed nurse 
are removed from their sterile package with 
transfer forceps and dropped directly into 
the glove basm, figure 144, 2 One of the 
gloves is grasped by the rolled-back cuff) 
care bemg taken not to touch the outer 
surface of the glove, figure 144, 3 The glove 
IS scooped full of solution, figure 144, 4, 5, 
and while the cuff is held with the fingers o 
one hand, figure 144, 0, the closely approxi- 
mated fingers and thumb of the opposite 
hand are insinuated mto the glove with a 
smooth, uninterrupted motion, the object 
being to get the hand and fingers into c 
gloves before the fluid which distends it can 
escape, figure 144, 7, When the glove is on, 
the cuff IS pulled away from the arm and c 
excess fluid is discharged by clenching ^ 


[ 206 ] 











ARRANGING NONABSORBABLE SUTURES 



m-»r 




ARRANGING NONABSORBABLE ^UTURES 

, * . 








K-V- ' 

A /n>i ' 


The packages containing gloves and 
suture material arc unwrapped similarly 
and transferred to the stcnic Md 
The scrubbed nurse takes the gloves from 
the circulating nurse, figure 148, 7, and puts 
them m the front ngbt hand comer of the 
taldc. If the wet glove techmc u used, the 
gloves for the instrument man are removed 
from their envelope, figure 148, 3, and 
dropped mto the glove basm, figure 148, 4 
The waxed silk is prepared next, fig 
urc 149 The hank is pulled from the test 
tube, figure 149, 2, carefully untwisted, fig- 
ure 149, 3y and pulled straight, figure 149 , 4 
The test tube is discarded mto the aluim 
num pan which contains the nurse s Idt, 
figtirc 149, 5 The hank is mterlcavcd m the 
folds of a towel, figure 149, 6, 7 8 The 


individual threads arc winnowed apar 
where they loop between folds, figure 150 , 9 
If the scrubb^ nurse pr efer s to pull th( 
silk from the tow’d by the ends, approxi- 
mately 2 5 cm. arc left protrudmg from th< 
tosvd, figure 150, 10, 11 The tenvd con- 
taining the silk is then placed m the upper- 
most of the small basins, which is subse- 
quently to serve as a waste basm at th< 
operative fidd, figure 150, 12 

The arculatmg nurse meantime gets tht 
alummum tray containing the stcnic cutting 
edge instruments from the dry heat sten- 
hzer, figure 151, 7, and cames it to the 
•tcnlc fidd with the sterile transfer forceps 
figure 151, Z 

The scrubbed nurse fits the icalpd blade 
to the handle, figure 151, 3, 4, and places the 


CUTTING INSTRUMENTS - TOWEL — SUCTION TUBING 
















scalpel, handlc*€nd uppermost, on the As each successive needle is pulled from the 
tow^ in which the been mterleaved, strip, presure is exerted on the suture so 

figure 151, d She selects the fanfoWed that the longer end, figure 125, 8, can be 

towel, figure %,7 to 12, immcncs it m the grasped as it passes between the fingers and 

solution m the glove basin and wnngs it out held so that the suture shps through the eye 

as dry as possible, figure 151, 5 This towel of the needle, shortening one leg to about 

is placed on top of the scalpel, figure 151 , 6 5 cm., figure 154, 4 The needles arc then 

The rubber suction tubing is threaded stuck mto a folded towel which has been 

through the rings of a towel clip, figure 151, placed m the aluminum pan that will sub- 

7, 8, 9, and the glass tip is insatcd mto the scqucntly serve as a specimen basin, fig- 

^ of the rubber tubmg, figurcl52 , 10 The urc 154, 5 The basm prevents die needles 

tubmg is then plac^ on top of the from being inadvertently thrust through 

mnrttmi-H towcl In thc bajin, figure 152 , 11 the stcnic drapes mto the unstcnlc table. 

The straight abdominal sossors arc placed Succe ss ive needles arc stuck mto thc towcl 

m the space between thc folded towel and m an orderly manner, takmg care that the 

thc edge of thc grnall basm so that they strands arc placed on top of each other 

stand upn^t, figure 152, 72. When these sutures arc used at operation, 

The neeie holders ivhich are likely to be thc last needle to be stuck mto thc towel is 

used early m thc operation are loaded, removed first, thereby taking thc upper- 

figure 1 52, 13, 14, 15, and stood m thc smatt most suture from the pile without entangling 
basm along with the sossors, figure 152, 16 thc others. The towel is put aside m thc 

Ihe remaining sossors and needle holders, front ngbt hand comer, figure 154, 6 

figure 152, 77, are placed aside cm the When surgical gut is to be used, thc ar- 
nursei table, figure 153, 18, figure 157 culating nurse selects the prop er tubes 

Extra needles are poured mto a medicmc with the stcnic transfer forc e p s and gives 

^asi, figure 153, 19, and the alummum tray them to thc scrubbed nurse, figure 155, 1 

u discanded to the arculatmg nurse, fig To open thc tube, thc nurse first idcno^ 

urc 153, 20 The towel clips arc opened and the scored mark about thc glass tube and 

arranged m the front left-hand comer of thc shakes the gut mto thc longer end, fig- 

table so that they arc ready for use, fig urc 155, 2, so that the strands will not 
urc 153, 27, 22. damaged when thc tube is broken The 

The Asepto syrmge is assembled, fig- tube is placed between thc folds of a towd, 

urc 153, 23, and placed on thc nurse’s table. figure 155, 3, and grasped on cither end 

If aacmbly is difficult, thc tip of thc bulb is with thc thumbs located at either side of thc 

uwiitcncd with 1 1000 aqueous Zephiran- scored marL An attempt is then made to 

Thc alummum pan whidi contamed thc pull the tube apart longitudinally, as it is 

uursc’i kit now serves as the waste pan on bent over thc thumbs, figure 155, 4 When 

her tabic. properly done, a clean break results, fig- 

Thc strai^l needles threaded with nik urc 155, 5 Thc surgical gut is from 

are made ready for operation by tmfnlding the tube and unreeled carefully One prong 

the gauze strip mto wtuch they were basted, of thc red is broken offby bending it sharply 

figure 154, 2, and pulling the sutures out forward and backward The coiled gut a 

The sutures are most easily removed by then slipped off thc reel, figure 155, 6 

punching thc gauze between the thumb and Two fingers of the left hand arc inserted 

ferefinger of thc left hand, figure 154, 3 mto thc coil and the free end of the suture 
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scalpel, haDdle-ciKi uppermost, on the Aa each successive needle is pulled from the 
towel m which the silk has been mtcrieaved, itnp, pressure is exerted on 'the suture so 
figure 151, 6 She selects the fanfolded that the longer end, figure 125, 5, can be 

towel, figure 96, 7 to 72, immerses it m the grasped as it passes between the fingers and 

sdution m the glove basm and wrings it out held so that the suture slips through the eye 

as dry as possible, figure 151, 5 This towel of the needle, shortenmg one leg to about 

a placed on top of the scalpel, figure 151, 6 5 cm., figure 154, 4 The needles arc then 

The rubber suction tubmg is threaded stuck mto a folded towel which has been 
through the rings of a towel chp, figure 151, placed in the aluminum pan that will sub- 

7, S, P, and the glass tip is inserted mto the sequendy serve as a specimen basin, fig- 

cndofthcrubbcrtubuig, figure 152, 70 The ure 154, 5 The basm prevents the needles 

coiled tubmg is then placed on top of the from being inadvertently thrust through 

moistened towel m the basin, figure 152, 11 the sterile drapes mto the unstcnle table. 

The straight abdominal sassors are placed Succe ss ive needles are stuck mto the towel 
in the space between the folded towd and m an ordcriy manner, taking care that the 

the edge of the ymn11 basin so that they strands arc placed on top d each other 

stand upright, figure 152, 12, When these sutures arc used at operation, 

Ihe needle holders which arc likely to be the last needle to be stuck mto the towel is 

used cariy m the operation are loaded, removed first, thereby takmg the upper- 

figure 1 52, IS, 14, 15, and stood m the ymall most suture from the pile without entangling 

basm along with the scissors, figure 152, 16 the others The towel is put aside m the 

The remaining scisson and needle holders, front right hand comer, figure 154, 6 

figure 152, 17, are placed aside on the When surgical gut is to be used, the cir- 
nursc’i table, figure 153, 18, figure 157 culating nurse selects the proper tubes 

Extra needles are poured into a mediane 'vith the sterile transfer for ce p s and gives 

glass, figure 153, 19, and the alummum tray them to the scrubbed nurse, figure 155, 7 

B discarded to the circulatmg nurse, fig- To open the tube, the nurse first identifies 

ure 153 , 20 The towel clips arc opened and the scored mark about the glass tube and 

arranged m the fiOTt left hand comer of the shakes the gut mto the longer end, fig- 

taWc so that they are ready for use, fig ure 155, 2, so that the strands will not be 

ure 153, 27, 22 damaged when the tube is broken. The 

The Asepto syringe is assanbled, fig tube u placed between the folds of a towel, 

ure 153, 23, and plac^ on the nurse’s table. figure 155, S, and grasped on dthcr end 

If assanbly is difficult, the tip of the bulb is with the thumbs located at other side of the 
uKnstcncd with 1 1000 aqueous Zephiran. sc ored mark. An attempt is then made to 

The alummum pan whidi contained the pull the tube apart longitudinally, as it is 

uunc s Idt now serves as the waste pan on bent over the thumbs, figure 155, 4 When 

bo* table. properly done, a dean break results, fig- 

The straight needles threaded with silk ure 155, 5 The surgical gut is shaken from 

arc m ad e ready for oper a tion by imfnlHIng the tube and unreded carefully One prong 

the gauze Itnp mto which they were basted, ofthc red is brdtenoffby bending it sharply 

figure 154, 2, and pulling the sutures out. forward and backward The coiled gfut is 

The sutures are most easily removed by then shpped off the reel, figure 155, 6 

the gauze bctvreen the thumb and Two fingers of the left h^d arc inserted 

forefinger of the left hand, figure 154, 3 mto the coil and the free end of the suture 
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icalpcl, handle-end uppermost, on the As each successive needle is pulled from the 
tcr.vel in which the silL has been mterieaved, stnp, pressure is exerted on the suture so 

figure 151, d She selects the fanfolded that the longer end, figure 125, S, can be 
towel, figure 96, 7 to 72, unmcncs it in the grasped as it passes bcUvecn the fingen and 

sohitioa m the ^ove basin and wrings it out held lo that the suture shps through the eye 

as dry as possible, figure 151, 5 This towel of the needle, shortening one leg to about 

b placed on top of the scalpel, figure 151 , 6 5 cm., figure 154, 4 The needles arc then 

The rubber suction tubing is threaded stuck, mto a folded towel which has been 
through the rings of a tONN*cl chp, figure 151, pheed m the aluminum pan that will sub- 
7, 5, 9, and the glass tip is inserted mto the scqucntly serve as a specimen basin, fig- 

endof the rubber tubmg, figure 152, 70 The urc 154, 5 The basin prc\’ents the needles 

coiled tubing is then placed on top of the from being inadvertently thrust through 

moistened to\s“cl m the basin, figure 152, 77 the ilcnlc drapes mto the unstcnlc table. 

The straight abdominal sassora are placed Successive needles arc stuck mto the towel 
m the space bet\\tcn the folded towel and m an orderly manner, tnlnng care that the 

the edge of the iimnll basm so that they strands arc placed on top of each other 

stand upnght, figure 152, 72 When these sutures arc u^ at operation. 

The ne^e holders \vhich arc likely to be the last needle to be stuck mto the towel is 

used early m the operation arc loaded, removed first, thereby taking the upper- 

figure 1 52, IS, 14, 15, and stood m the small most suture from the pile without cntanglmg 

basm along with the scissors, figure 152, 16 the othos The tot\*cl is put aside m the 

The retnaimng sosson and needle holders, front right hand comer, figure 154, 6 

figure 152, 77, arc placed aside on the When surgical gut is to be used, the or- 
nurse’i table, figure 153, 18, figure 157 culatmg nurse selects the proper tubes 

Extra needles are poured mto a mcdlcme NVtth the itcnle transfer forc ep s and gives 

glass, figure 153, 79, and the alummum tray them to the scrubbed nurse, figure 155, 7 

is discarded to the circulaung nurse, fig- To open the tube, the nurse first identifies 

urc 153, 20 The towd chps arc opicned and the sc ored mark about the glass tube and 

arranged m the fiont left hand comer of the shakes the gut mto the longer end, fig- 

table lo that they arc ready for use, fig- urc 155, 2, so that the strands iviU not be 

urc 153, 27, 22 damaged when the tube is brdeen The 

The Asepto syringe u assembled, fig tube o placed between the folds of a towel, 

urcl 53, 23, aiKl placed on the nurse’s table. figure 155, S, and grasped on either end 

If assembly is difficult, the tip of the bulb is with the thumbs located at either side of the 
mewtened with 1 1000 aqueous Zcphiran scored mark An attempt is then made to 

The a hirmnum pan which contained the pull the tube apart longitudinally, as it is 

nurse’s Idt now serves as the waste pan on bent over the thumbs, figure 155, 4 When 
^ table. properly done, a clean break results, fig- 

Tbe straight needles threaded wth silk urc 155, 5 The surgical gut is shaken from 

arc made ready for operation by unfolding the tube and unreeled carefully One prong 

the gauze itnp mto which they were basted, of the reel is broken off by bin d ing it sharply 

%nre 154, 2, and pullmg the sutures out forward and back\vard The coiled gut is 

futures arc roost easily removed by then slipped off the reel, figure 155, 6 

P*riciung the gauze between the thumb and Two fingers of the left hand arc inserted 

‘^efinger of the left hand, figure 154, 3 mto the coil and the firec end of the suture 
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s grasped and the cod is im\voimd, fig- Seventy per cent alcohol and I 1000 
ure 155, 7 The strand is doubled, puilcd aquwus Zq^hiran arc poured into respective 
cwt straight and subjected to a light even kidney bai^ Although several technics 
pull to remove the bends, formed while it arc advocated for removing dirt and con- 
was coded. Snarling and kinking arc avoided tamuaatmg organisms from the hp of the 
by keeping the suture taut while it is being bottle, the only safe technic is that depend 
handled The suture is then looped mto mg upon the use of a botdc or flask with a 
desired lengths, figure 155, 8, and cut, pourmg lip that is protected from contain 
figurelSS, 9 Thcpiecesarcmtcrlcavcd ina mation at all timea. The Bell closure, 
towel moistened with alcohol, figure 1 55 W figure 156, 7, or the “Pour-o-vac” closure, 
Boilablc gut is opened by a technic *imdar figure 156, 2, arc safe simple closures for 
to that doenbed To avoid burning fingers, dispcaismg stcnlc fluids m the operating 
tubes must be permitted to cool before room. They ran be rescaled and opened 
an attempt is made to open them Because repeatedly without danger of contamma- 

boilablc gut is anhydrous, it is stiff and non When used carefully, the paper flask- 

iviry and cannot be unreeled until pha- hood also provides a safe means of trans- 
bihty has been restored to the strands, Thu femng sterile fluid to the operative field, 
u most safely done by immersing the reels figure 156, 3 The traditional tcchmc of 

of gut m 70% ethyl alcohol for two or three pouring a quantity of flmd over the hp u 

nuQutcs. The gut is then handled just like sloppy and bactcnologically mcffectual 

^ ncmboUable type and is stored m a While the scrubbed nurse arranges her 
^owd moistened with 70% alcohoL table, figure 157, the circulating nurse 
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drapes the instrument table The instru- 
ment kit IS placed m the center of the table, 
figure 158, 7 The hbrary tie is opened and 
the tape removed The ends of the sheet are 
unfolded, figure 158, 2, and tlie table is 
draped by a technic similar to that used in 
opening the large package of dry goods, 
figure 158, 3, 4, 5 The mstniment man 
puts on gloves, picks up the towel from the 
center of the mstniment table, figure 159, 6, 
and gets his bucket of sterile instruments 
from tlie sterilizer, usmg the towel to pro- 
tect his hands, should the bail of the bucket 
be hot, figure 159, 6, 7 The bucket is placed 
on one comer of tlie table and the towel is 
discarded He dons the goivn from the 
center of the table, and arranges the instm- 
ments for ready selection, figure 159, 9, 10. 

Tlie goism is folded so tliat the collar pre- 
sents, figure 86, 10 It is passed coUar upper- 
most and IS accepted m the nght hand, 
figure 160, 7 The coUar is grasped m the 
left hand and tlie gowm is unfolded at arm’s 
lengdi, figure 160, 2, 3, to avoid contam- 
ination against tlie front of tlie scmb smt, 
figure 160, 4 A vase precaution is to face a 
sterile field before unfoldmg the goim so 
that there is httle cliance for someone to 
brush against it After the goim has been 
unfolded, the ends of the collar are grasped 
m either hand and it is shaken thoroughly 
to loosen the sleeves and to open the arm- 
holes so tliat tliey can be identified readily, 
figure 160, 5 Tlie best technic is to toss the 
gowm mto tlie air, figure 1 60, 6, and to catch 
It by tlirusting die extended hands mto the 
sleeves, figure 160, 7. The arms are then 
adducted across the chest and rotated out- 
ward. figure 160, S In dns position, the 
arms sbde into the sleeves readily. \Mien the 
fingers reach tlie region of tlie elbois's of the 
sleeves, the elboivs are extended and the 
arms abducted, figure 161, 13 and the hands 
slip the remamder of tiie way through 
the sleeves and cuffs If the sleeve is stuck 


together, it may be necessary to wggle the 
fingers to crawl down the inside of the 
sleeve Usually, however, it is possible to 
shp mto the gown with no assistance At 
this stage, the circulatmg nurse grasps the 
back comers of the collar, pulls the gown 
upward and backward over the shoulders, 
figure 161, 74, and ties the tapes, fig- 
ure 161, 15 She then smooths the gown by 
graspmg the bottom hem and jerking it 
downward, figure 161, 16 

A common fault which leaves one stranded 
with the sleeves caught on the forearms is 
to attempt to insert the arms mto the sleeves 
%vith the arms mtemally rotated and ab- 
ducted, figure 160, 9 The result is contami- 
nation of the bosom of the gown against the 
front of the scmb smt, 161, 10 Techmcs 
which depend upon the insertion of the 
arms mto the sleeves one at a time are 
dangerous because contammation is too 
hkely The edges of the armholes may be 
contammated by draggmg them across the 
front of the scmb smt, figure 161, 77 The ^ 
clean hand and arm are subsequently con- t 
tammated when inserted mto this sleeve 
Another potential source of contammation 
is to drag the clean hand across the dun 
^vhlle inserting the opposite hand mto the 
sleeve of the goi\n, figure 161, 72 
Frnally, the cuff of the gown is msert 
mto the glove by foldmg the excess as a 
pleat across the fi'ont of the wnst, figar^ 
162, 77, and holding it with the tip o 
the thumb, figure 162, 18, as the fingci^ 
catch the glove, figure 162, 19, 
over the cuff of the goiMi, figure 162, j *_ 
There are two acceptable j. 

puttmg on dry gloves The safest ^ 
depends upon the use of an elastic c 
the gown so that it hugs the wnst an 
not shp down to contaminate the g 
and assistance to hold the glove 
the hand is being inserted The han s 
arms are dried on a stenle to^vel bcio 
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gown IS put on After the gown has been 
donned, the nurse passes the spon^ con- 
taining the talcum, figure 162, 7, so that 
the hands can be powdered, figure 162, 2. 
She then slips her fingers beneath the 
everted cuff of an appropriate glove, fig- 
ure 162, 3, and stretches the cuff and palm 
open beuveen her bands so that the ungloved 
hand can be inserted readily, figure 162, 4 
She then guides the cuff upward over the 
sleeve before she releases the tension, fig 
urc 162, 5 In the other technic illustrated, 
care must be taken to select slightly over- 
sized gloves so that they can be put on 
easfly Otherwise, contamination is mcvi- 
tablc. The gloves arc packaged as described 
m figures 120 and 121 so that each envelope 
contains a sterile towel and a gauze sponge 
loaded with talcum. The scrubbed nurse 
opens the envelope and places it on the 
comer of the table, figure 163, 7, presen tmg 
the ftcnle towel The hands and arms arc 
dned, care being taken to dry the arms last 
to avoid contamination, figure 163, Z The 
towel u discarded mto the kick pail The 
ipooge containing the talcum is picked up, 
figure 163, 3, and used as a puff to powder 
the hands, figure 163, 4 One of the gloves 
h grasped by the everted cuff, figure 163, 5, 
»d the fingers of the opposite hand arc 
smuated mto it, figure 163, 6 The oppo- 
se glove 15 picked up by slipping the 
oved fingers bchmd the everted cuff, 
jure 163, 7, to hold the glove while thcothcr 
and IS inserted, fig\irc 163, 5 A gown is then 
ut on as described in figure 160 Ifthccufis 
‘ the gown arc made of stockmette, the go%vn 
®y be pnit on before the gloves because the 
ockinctte snugs the sleeves to the wnst and 
revents Its slidmg denvn over the gloves. 

reparation of the patient for opera 

ION 

In the opicrating room there arc five gen 
prmaples which must be observed 


1 The patient must be adequately re- 
stramed to avoid mjury while semiconscious, 
as \vell as to prevent acadcntal contamina- 
tion of the operative field 

2, The patient must be positioned to 
afforf maximum exposure of the operative 
site but this must not be done by handi- 
capping the anesthetist, who must be given 
adequate access to perform his duties 

3 The patient’s clothing and bedding 
must be folded to expose the region to be 
operated upon and must be fixed so that 
they cannot come loose durmg the opera- 
tion and inadvertently contaminate the 
field. 

4 Illumination must be arranged so 
that the surgeon and his assistants can 
sec. 

5 Some provision must be made for a 
flat working surface where supplies and 
instruments can be spread out for ready 
scJcctiOD 

The only opportunity for controlling 
these factors presents itself when the patient 
IS first brought mto the operating room. 
Thc table must be located with an eye to 
talcing maximum advantage of the fixed 
lighting equipment. The patient must be 
positioned securely with the preferences of 
the surgeon m mmd as well as with some 
consideration for the surgeon’s herght Ad- 
justments which must be made during the 
course of an operation mdicatc poor plan- 
mng and laxity or ill advised haste on the 
part of the team. 

Of the many ways of re stra mmg the 
patient, one of the most effective is illus- 
trated m figure 164 A four tailed restraint 
sheet, made as indicated m figure 164, 7, is 
placed transversely across the o p eia tmg 
table so that its upper border hes at the 
level of the paticnfls axillas, figure 164, 2 
A ten centimeter webbing strap is placed 


across the center of the sheet and a thin 
[227] 








RESTRAINING PATIENT 











cotton blanlcct, folded longitudinally, covers 
alL Tile strap and one of the tails is thrown 
across the patient’s chest, figure 164, 3 , and 
the arm is placed comfortably at the pa 
bent’s side, figure 164, 4 The bottom tail is 
then brought up and tucked beneath the 
patient, figure 164, 5, 6 , 7, and the upper 
tall B pulled taut, figure 165, 8 , and tucked 
hcDcath the arm, figure 165, 9 , 10 The 
•trap h then turned down over the arm, 
%urc 165, 77 The opposite arm is pre- 
pared m a simnar fashion and the two ends 


of the strap arc buckled snugly beneath the 
table. A ten centimeter roll is placed be- 
neath the knees to flex the thighs and 
relax the abdomen Another strap is buckled 
across the lower thighs, effectively restrain 
mg the most difficult piaticnt- Neither strap 
n«d be pulled tightly so that the most af>- 
prchensivc patient is not alarmed A sphyg- 
momanometer cuff and stethoscope may be 
adjusted to cither arm before the rp ^ fr aming 
sheet IS applied If parenteral therapy is 
likely to be necessary, the venipuncture is 







best done at this stage when the great 
saphenous van is accessible 
The blankets and the patient’s bed 
clothing arc arranged for a laparotomy as 
shown in figure 166 The blankets are 
turned down over the patient’s thighs to 
expose the whole of the abdomen The skirt 
cf the hospital gown is straightened, fig 
urc 166, 7, and folded upward, figure 166, 2 
A second fold is then made to expose the 
lower chest, figure 166, 3, 4 The folds arc 
smoothed, figure 166, 5, and the ends of the 
gown are turned upward at nght angles and 
tucked beneath the shoulders, figure 166, 6, 
finng the gown so that it will not subse 
quently slide downward 
Only after the patient has been positioned 
properly, figure 167, 7, the lighting arranged, 
and the anesthetist’s exposure assured, 
should preparation be made to disinfect 
the slon erf the operative field The responsi 
bflity for satisfactory disinfection must be 
rdegated to the first assistant or someone 
of equal competence who understands that 
the magic of skin disinfection lies m the skill 
with which It IS mechanically cleansed- 
Whether or not gloves are worn whOc dis- 
infecting the skin is a matter for individual 
choice. Long cxpcncnce with the tcchmc 
where bare bands have been used 
amply demonstrated the fact that gloves 
arc superfluous. However, gloves arc illus- 
trated. The scrubbed nurse passa the first 
assistant an open towel, figure 167, 2j which 
n cuffed under the edge of the blankets, 
figure 167, 3, to protect the hands firom 
accidental contamination A second one is 
cuffed beneath the edge of the gown, fig 
^ 167, 4 The nurse then drops a knotted 
sponge moistened with 1 1000 aqueous 
Zcphiran mto each of the assistant’s cupped 
hands, figure 167, 5, 6, and he disinfects the 
by scrubbing it vigorously The scrub 
1* performed by rubbmg the «kin with ^ort 
^^ruk strokes, transverse to the contem 


plated lin e of incision, figure 168, 7, 3 After 
the nkin immediately about the Imc of 
inasion Han been scrubbed, the remainder 
of the field is disinfected by concentnc 
strokes about the previously cleansed area, 
the penphery of the field bemg scrubbed 
last. Finally, creases or parts such as the 
umbflicus, figure 168, P, arc cleansed and 
the sponges arc discarded mto a kick pafl. 
The nurse supphes sponges moistened with 
70% alcohol and the scrub is repeated 
Six changa of sponges alternately saturated 
with alcohol and ^phiran arc used The 
contrasting detergent action of the combina- 
tion IS advantageous. The soapy aqueous 
solution emulsifies the skin fats and loosens 
the desquamating epithchum, the dry alco- 
hol rolls the loosened detritus off the tkm. 
If the SIX changes of sponges do not produce 
a field which no longer yields whorls of 
detntus, additional scnibbmg must be done. 
An adequate preop era tive scrub and shave 
should make the use of more than six 
changes of sponges unnecessary Following 
mechanical deansmg, the skm should show 
a rosy blush over the whole erf the prepared 
area The assistant now discards his gloves. 
If he has not worn gloves, he disinfccta the 
ikm erf his hands a gain 

Hie Imc of incision is marked by a scratch 
made with the back edge of a scalpel blade, 
figure 168, 77, passed as mdicat^ figure 
168, 10 The blade is a used one and is 
discarded as soon as the scratch is made. 
Unless the assistant is thoroughly famfiiar 
with the surgeon’s inanons, the -ikin scratch 
should be marie by the surgeon before the 
drapes made the anatomy 
The scrubbed nurse then picks up a towel 
folded lengthwise so that a third of the towel 
IS cuffed back. She grasps the towel at the 
extreme ends of the fold and holds it tautly 
m fitmt of her, figure 168, 72, throwing the 
cuff of the first towel away from her The 
assistant takes the towel and drapes it 
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carefully across the field so that the edge 
parallels the scratch and is about one cenO 
meter away from it, figure 168, 13 The 
tcnvxl IS stretched between the hands and 
brought straight dmvn on the line of ina 
aon so that the undersurface of the towel 
contacts only disinfected skin If by chance 
the undersurface first contacts unstenlc 
skin or bedding and is then dragged toward 
the line of incision, the operative field is 
contaminated The nurse then passes a 
second towel, this one \vith the cuff toward 
her, figure 169, 74, and the assistant drapes 
this towel parallel to the first, leaving ap- 
proxunatcly two centimeters of skin show- 
ing between the towels, figure 169, 15 A 
third towel, also duffed toward the nurse, is 
passed and placed across the lower end of 
the field, figure 169, 16 A fourth, passed 
with the cuff away from the nurse, is 
placed across the top of the field, fig 
urc 169, 77 The nurse then passes open 
towel clips mto other hand of the assistant 
and he clips obliquely opposite comers, 
figure 169, 18, of the towels to the panent^s 
don When this is done, a second pair of 
towel chps IS passed for the opposite comers, 
figure 169, 19 Where the operative site is 
anatomically irregular, the tD%vcl3 arc mois- 
tened m 1 1000 aqueous Zcphiran to faah 
tatc drapmg They can often be stitched to 
theikm, figure 177, 77, where towel clips arc 
inconvenient. 

While the skm is being disinfected, the 
nurse supplies individual members of the 
rirgical team with their gloves This is 
most easily done by holding the glove cn 
'■dope over the basm and ihTtking the glove* 
into iL She also passes each member of the 
team his go^vn so that no one need grab 
filings from her table wth the likelihood of 
fiisarranging the remaining supphes 

Ihc scrubbed nurse pick* up the laparot- 
omy ihect with her arms crossed as shown m 
fisnro no, 20, and places the hole m the 


sheet directly over the operative site, fig 
urc 170, 21, and flips the rolled ends tr 
either side, figure 170, 22 The insu 
man and nuTSc then place one hand on the 
drape to keep the hole m the proper 
non and shp the fingers of the opprwt 
hand benea^ the top pleat of the drape 
figure 170, 23, usmg this pleat to protr 
their gloves as they open the fanfclded 
sheet to cover the anesthetist’s barrier, 
whether it be a Mayo stand or a \vire hoop, 
figure 170, 24 A similar procedure is 
repeated with the other end of the drape, 
figure 170, 25, to cover the Mayo stands 
which have been located and fijed at the 
proper height so that the instrument man 
and nurse command a view of the opicrative 
field as w'ell as have their source of supplies 
convenient, figure 171, 26 The scrubbed 
nurse passq the suction tubing to the firrt 
assistant who chps it m place. The nurse 
opens the moistened to^vcl b> grasping the 
presenting comers and pulling one edge 
taut. The instrument man takes the lower 
edge and the towel is draped below the 
operative field to prevent instruments from 
sipping to the floor, figure 171, 27 The 
instrument man then arrange* his instru- 
ments on the flat surface of the Mayo stand 
and the nurse brmgs the smaller basin, 
previously loaded with instruments, to the 
field The circulating nurse fills the remam- 
mg basm with Cushing’s Solution,* figure 
156 Sponges arc arranged on the operative 
field ready for the surgeon 

If the laparotomy sheet docs not cover 
the Mayo stands properly, a half sheet can 
be opened and diaped across the exposed 
stands. The half sheet is unfurled by the 
nurse who grasps the pre se n tmg comers, 
figure 172, 7, and tosses the sheet across the 
field to the instrument man, figure 172, 2, 

• Oubirtg H Concemtog the Pebooaoi Effect d Pare 
Sodhnn CSiloride Sohidoti upon the Nme Muide Prep*- 
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\vfao catcbes the end and findi the comers of ten centunetcr adhesive are applied to 
as the nune opens the longitudinal folds, spread the gluteal cleft 'videly, figure 173, 3 
figure 172, 3 The sheet is held taudy as it Inosions into the lumbar fossa give best 
u lowered to the table, figure 172, 4 exposure when the paoent is ponQoiied on 

The position for chdecystcctomy depends the oppcaitc aide wTth no support for the 
upon hyper ext ension of the trunk at the abdomen. Sufficient lateral flexion of the 
costal margin and a scmisupmc position to trunk can be obtained with an elevator at 

thrust the undersurface of the Uver into the level of the ninth and tenth thoracic 

the wound, figure 173, 1,2 Location of the spmea to cause the wound to gape, fig- 

gall bladder rest under the spinous process urc 174, 1 The intra pcntoncal viscera fall 

of the tenth thoracic vertebra, the use of a away >vitb the relaxed abdominal walk 

ten centunetcr roll to ficx the thighs, and The trunk is maintamed m this posiUon 

dependence on the foot board to p r ev en t easily if the lower thigh is flexed, figure 174, 

the patient from slipping off the tabic are 2, and the uppermost arm is supported on 

uotc\vorthy points. a stand The latter arrangement pixmdes 

Exemon of a pilonidal sinus or a hemor- acce ss for the anesthetist, figure 174, 3 
diOKicctomy can be done readily m the Exposure of the pelvic cavity may be 
position illustrated m figure 173, 4 The obtained by suspending the recumbent 

patient is placed prone on the operating patient at a 45® angle, figure 175 The 

tabic wth the iliac crest at the Icvd of the patient is p r e v e n ted from sliding off the 

l®^ak m the table. After the arms and legs tabic jomtly by flexing the Lnccs o\cr a 

have been rcstramed, the tabic is broken break m the table and by padded shoulder 

^’^ough to present the operative site The braces, adjusted to distribute the patient’s 

buttocks arc cleansed with ether and straps weight equally Brachial plexus palsy or 
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thrombophlebitis arc the penalties for pro- 
longed suspension with maldistribution of 
pressure. 

Operations upon the anterior and lateral 
aspects of tlic neck arc conveniently done 
in the position illustrated for thyroidectomy, 
figure 176, 1 The supine patient is tilted 
to an angle of 20 to 25 degrees and a loosely 
filled sandbag is placed beneath the shoul- 
ders to thrust the seventh and eighth spinous 
processes forward so that the neck is ex- 
tended sufficiently to bring the lower edge 
of the mandible m a vertical plane Details 
of draping differ from that described pre- 
viously iDccausc of the complexity of the 
anatomic site. A towel is folded in half 
longitudinally, figure 176, 2, and the folded 
edge is approximated to the long edge of an 
open towel, figure 176, 3 The pair of towels 
is then fanfoldcd transversely for easy 
handling, figure 176, 4 These towels arc 
moistened with 1 • 1 000 aqueous Zcphiran 
and wrung out. The scrulDbed nurse passes 
the towels with the folded one toward the 
assistant, its folded edge uppermost. The 
anesthetist lifts the patient’s head while the 
assistant .slips the towels beneath the shoul- 
ders, figure 176, d. The head is then lowered 
onto the moistened towels and the anesthetist 
gathers any protruding wisps of hair up- 
ward. The assistant wipes the side of the 
neck and face upward with the edge of the 
folded towel, figure 176, d, to capture all 
the hair The ends of this towel arc pulled 
tightly across the checks and pinned where 
they cross the bridge of the nose, fig- 
ure 176, 7 The open towel is left to cover 
the upper end of the mattress. The skin is 
disinfected as already described and the 
line of incision is marked by pressing a taut 
silk thread against the ,skin, figure 177, 8. 
A small stand is placed .so that it covers the 
patient’s face witli its edge above the chin, 
figure 177, 9. This stand must be high 
enough to permit the anesthetist to work 


Double moist towels arc draped lengthwise 
from the line of incision over the Mayo 
stand. Moist towels, folded longitudinally, 
arc placed to demarcate tlic field below (he 
contemplated incision, figure 177 , 10 Towel 
clips arc applied to fasten the towels well 
back on the sides of the neck The towels 
arc stitched to the skin m front, where clips 
would be in the way, figure 177, //, 12. 
The completed set-up for a thyroidectomy 
is shown m figure 177, 13 
A movable arm board and a flat .sandbag 
placed beneath the lower scapula arc tlic 
important factors m proper positioning of 
the patient for mastectomy, figure 178, 1, 
The skin of the breast and axilla arc dis- 
infected atraumatically by means of a 
moist preoperative dressing, Chapter XII 
That of the neck, thorax, and arm is scrubbed 
thoroughly so that the skin from the lower 
neck to the umbilicus and from the opposite 
midclavicular line to the table level, as well 
as that above tlic elbow, is disinfected, 
figure 178, 2. Moistened towels arc clipped 
m position to demarcate tlic field, fig- 
ure 178, 3, and the mastectomy sheet is 
applied, figure 179, 4, 5. When a biopsy is 
done before the mastectomy, it is wise to 
discard all instruments and drapes used 
during the biopsy to avoid the direct im- 
plantation of carcinoma cells into the opera- 
tive wound. The most convenient way is to 
make up a separate mastectomy kit ao 
nurse’s kit to provide the dry goods an 
instruments for the biopsy. A moistcnc 
gauze pad is sutured to the breast to cxclu c 
the biopsy wound and most of the ^m 
from the operative field, figure 179, 0 
movable arm board permits the surgeon to 
adjust the degree of adduction to m 
offering the most ideal exposure of the axi ^ 
and the maximum relaxation during c osurc 
of the skin. The generous mastectomy s 
provides ample protection without movin 
the drapes. 
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The earmark of a successful neurological 
surgeon is the precision and care %vith which 
the patient is positioned and the drapes 
apphed Figure 180 illustrates the major 
steps m setting up for a craniotomy Hie 
patient is restramed as illustrated previ- 
ously and the head is positioned with the 
help of sandbags, figure 180, 7, 2. The 
sandbags and mattress are covered ivith a 
moistened sterile towel, figure 180,3, and the 
scalp is scrubbed Note that the anesthetist 
protects the eyes by holdmg a sponge 
against them to catch any germicide which 
might run down, figure 180, 4 The scalp 
can then be infiltrated -with novocame, 
figure 180, 5, and the incision planned 
and marked with a scratch, figure 180, 6 
A single thickness of gauze, moistened in 
aqueous Zephiran, is then apphed over the 
head and its ends are pulled together by 
the anesthetist This serves to confine any 
loose hair which might find its way into the 
operative field ^vhen the patienfis scalp has 
only been partially shaved, figure 181, 7. A 
moistened towel folded longitudinally is 
placed transversely across the temporal 
region to demarcate the lower limits of the 
operative field This towel is fixed to the 
scalp j’ust above the ear \vith a safety pm to 
prevent the auricle from protrudmg into the 
field, figure 181, 9, and also to anchor the 
towel so that subsequent towels can be 
apphed \\athout danger of shppmg The 
remaining to^vels are then placed and 
secured wth towel chps, figure 181, 10 
The cramotomy sheet is then put on, 
figures 181, 77, 182, 12 The skirt of the 
sheet is knotted together over the kick 
pail so that irrigatmg flmd and blood dnp 
into the pail rather than onto the floor, 
figure 182, 13 The surgeon cuts the gauze 
overl>mg the contemplated Ime of mcision 
\sdth a scissors, figure 182, 14, 15. The in- 
strument man’s and nurse’s view of the 
field IS showm m figure 182, 16. 


Fracture surgery is rendered easier by 
proper positionmg of the patient and accu- 
rate control of the extremity. The use of a 
weU designed fracture table to supplant the 
unsteady and tinng efforts of assistants 
simplifies most procedures mvolving frac- 
tures of the long bones Figure 183 illus- 
trates the fixation of the patient’s foot to 
the foot plate of the fracture table This 
often neglected detail is the most critical 
part of the preoperative set-up The posi- 
tion for fluoroscopy of a fractured hip is 
shown in figure 184, 7, 2, where both 
anteropostenor and lateral fluoroscopic 
views can easily be obtained The skin over- 
lying the trochanter is then disinfected and 
moist sterile towels are chpped to the opera- 
tive site, figure 184, 3 The drapmg is com- 
pleted by putting a half sheet over each 
foot and a laparotomy sheet over the re- 
mamder of the field The fluoroscope can 
be draped for use m the sterile field by 
applymg the cover illustrated m figure 87. 
This cover is unfolded, figure 185, 4, 5, and 
the skirt is held out of the way, figure 1 85, d, 7, 
while the sterile steel frame is shpped over 
the fluoroscopic screen The sterile skirt is 
then chpped around the arm of the fluoro- 
scope, figure 185, 8, so that the screen is 
protected adequately and can be used di- 
rectly m the sterile field, figure 185, Q 
Compound mjuries are mcely cared for 
by a technic shown in figure 186 The care 
of a compound fracture of the tibia is illus- 
trated although the technic is equally 
applicable for trivial mjunes to the hand, 
laceration of the scalp or any area where 
wound excision or debndement is contem- 
plated Figure 186, 7, illustrates the patient 
suspended on the fracture table wth a 
crutch under the knee on the injured si e 
to help position the extremity Contiim 
ous spmal anesthesia is illustrated ^ 
patient’s arms are restrained by turning np 
the tail of the hospital gowui and pmning it 
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snugly across the patient’s thorax The un- 
injured extremity and the operating table 
are draped with half sheets The foot on the 
injured side is excluded from the field by 
drapmg with moist stenie towels, fig- 
ure 186, 2. A sterile ungatmg tray,^ fig- 
ure 186, is then placed beneath the 
injury and the skm is disinfected. Towels 
are then apphed to limit the operative 
field to the traumatized area, figure 186, 4 
Care is taken to place the ends of these 
towels on the imgatmg tray so that fluid 
gra\atates to the tray, whence it is drained 
through the rubber tubmg to the kick pail 
A laparotomy sheet is then apphed and the 
wound is ready for excision or debndement, 
figure 186, 5 After all traumatized tissue 
and foreign bodies have been removed 
under a stream of runmng saline, sterile 
towels are stitched to the skm edge A 
clean laparotomy sheet is applied over the 
whole field and the fracture is reduced 
with the aid of the fracture table Various 
procedures for fixation of the fracture can 
then be performed m a fresh sterile field. 

Figure 187 illustrates the exposure for 
operation upon the knee jomt The ex- 
tremity is suspended by an assistant while 
the skm of the lower leg and thigh is thor- 
oughly disinfected by means of a mecham- 
cal scrub, figure 187, /. A large sphygmo- 
manometer cuff is snugly applied as high as 
possible on the thigh At this pomt, the cuff 
is inflated to occlude the vessels and a 
sterile towel, folded longitudmally, is ap- 
plied over the cuff, figure 187, 2 With the 
unstenle assistant holdmg the heel, the 
sterile stockmette is rolled over the toes, 
figure 187, 2, and the toes are grasped by a 
sterile assistant while the stockmette is 
rolled up the leg and chpped to the sterile 
to^vel, figure 187, .3 The leg is then lowered 


to the table which has been draped with 
sterile half sheets A cramotomy sheet is 
then applied about the thigh to complete 
the drapmg of the operative fidd, fig- 
ure 187, 4. The stockinette is split, fig- 
ure 187, 5, with a scissors over the contem- 
plated Ime of mcision and after the skm 
and subcutaneous tissues have been incised, 
It IS stitched to the cutaneous margins with 
a contmuous sdk suture, figure 187,(5,7. 

Permeal procedures are facilitated by 
proper positionmg of the patient on the 
table and simple drapes which do not 
creep down over the operative fidd The 
anesthetized patient is pulled down on the 
operatmg table so that the upper edge of 
the sacrum overhes the end of the split 
mattress A doubled cotton blanket is the 
most convement way of protecting the 
patient against exposure The top comer d 
the upper leaf of the blanket is pulled to one 
side, figure 1 88, 7 The bottom comer is 
earned upward over the patient’s abdo 
men, figure 188, 2 The comer which hai 
been pulled to the side is then brought 
doivn over the foot, figure 188, 3, so that 
obhquely opposite comers of the blanket 
can now be used to cover the legs and fe^ 
figure 188, 4. The patient is then gras{^^ 
by the heels and the thighs are care^) 
flexed on the abdomen, figure 188, 3 ^ 

legs are raised over the stirrups an ^ 
thighs are abducted so that the kne^ ^ 
be propped around the stirrups, figure j 
T he stirrup straps are then adjusted so 
one loop encircdes the ankle above ^ 
the other passing beneath the instep, 

188, 7. In the lateral view, it vail be no^^ 
that the patient is put m a position qiu ^ 
that assumed \vhen squatting, except 2 
patient is recumbent Note that the . 
overhang the break in the table 
so that redundant tissue falls a^va) ^ 
perineum, figure 189, 9 This 
presents the penneum in a pt 
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obliquely up%vard rather than m a vertical 
plane v^ch inai.es operative procedures 
difficult This advantageous posiuon can be 
accentuated by tilting the table. At this 
stage, the foot piece of the table is turned 
upNvard and fastened securely to the lovver 
section, figure 189, 8, of the table to serve 
as a shelf when the table is broken, fig- 
ure 189, 9 Note that the Kelly pad has 
been located in its proper position beneath 
the mattress so that it is nmply uncovered 
m the operatmg ro om and time is not 
wasted while it is put into position. Fig 
189,5 

Experience has shovsn that disinfection of 
the vulva, permeum, and vagina must be 
made the responsibihty of a trusted member 
of the surgical team. Some surgeons insist 
upon pciformmg the catheterization them 
selves, A sterile towel is cuffed beneath the 
blanket over the patient’s abdomen and a 
second to^vcl is inserted between the but- 
tocks and the mattress The area to be dis- 
infected IS scrubbed inth knotted sponges, 
damped in sponge sucks, figure 189, 10 
The procedure is quite similar to that per- 
formed on the abdomen. Six changes of 
sponges, saturated alternately with 70% 
alcohol and 1 1000 aqueous Zephiran, arc 
used The mtroitus, vagina, figure 189, 11 
latna mmora, figure 189, 1Z, prepuce, and 
the vulva, figure 189, 13, arc dcaos^ m 
that order Finally, the perineum and the 
pcnanal skin arc scrubbed before the 
sponges are discarded, figure 189, 14 The 
patient is then cathctcnzcd, figure 190, 15 
16 FoUovking cathetenzauon, a sterile tow’d 
u draped transversd) across a stnp of two 
centimeter adhesive held taut by the arcu 
lating nurse, figure 190, 17, 18 This to\^•d 
u then fastened across the buttocks and 


dipped to the fourchet, figure 190, 10 
cxdude the anus from the field Thc^, 
sheet is then applied The rolled edges 
grasped, figure 190, 20, and opened 
figure 190, 21 The upper edge of the 
IS held taut and the fan foldmg is s hak e n 
so that the pockets for the legs pout 
figure 191, 22 The free arms of the 
and assistant arc passed into these p 
figure 191, 23, the toes arc grasped, 
urc 191, 24, and the pockets arc wxu 
figure 191, 25, as the sheet is drawn over 
legs, stimips, and thighs, figure 191, 
The sheet IS then smoothed over the 
men, figure 191, 27, to fit the field snugly 
moistened folded tovsel is draped across t 
shelf 

INSECTS IN THE OPERATINO ROOM 

The operating room must be sprayed w 
an insccnadal aerosol when it is dosed 
the night during the season of the > 
when insects are prevalent Aerosols 
taming a solution of p^Tcthnim and w- 
oil m freon^ arc most effective. Small ta 
contammg msecuadc should be used 
kill flies that get into the operating * 
while an operation is bong done • 
swatters scatter too many organisms to 
safe. 

Cockroaches and silver fish arc ** 
causes for contaminauon of slcnle iut- 
durmg storage. They must be searched 
methodically m cvcr> hospitak 
treatment with DDT (dicWoro-d _iij 
tnchloro-cthane) wall render premises msec 
lepcllcnt for weeks • 

tMisxn Ckajo U S. Paiimt 2,200 145 (1941) 

* Coocircr, L. D luecuddAl AcnaeJj, /Vxtf nJ Tl, 
CWrW 11:12, 1943 
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obliquely upNvard rather than m a vertical 
plane which makes operative procedures 
difficult This advantageous poation can be 
accentuated by tilting the table. At this 
stage, the foot piece of the table is turned 
upNvi^ and fastened securely to the lower 
section, figure 189, 8, of the table to serve 
as a shelf when the table is broken, fig- 
ure 189, P Note that the Kelly pad has 
been located m its proper position beneath 
the mattress so that it is simply imcovcred 
in the operating room and time is not 
wasted while it is put mto position Fig 
189, 8 

Expcncncc has 8ho%vn that disinfection of 
the vulva, penneum, arxi vagina must be 
made the responsibility of a trusted member 
of the surgical team. Some surgeons insist 
upon performing the catheterization them- 
sdves, A stcnlc towel is cuffed beneath the 
blanket over the patient’s abdomen and a 
second tcnvel u inserted betiveen the but- 
tocks and the mattress The area to be dis- 
infected 13 scrubbed \s'ith knotted sponges, 
clamped m sponge sticks, figure 189, 10 
The procedure is quite similar to that per 
formed on the abdomen Six changes of 
sponges, saturated alternately ivith 70% 
alcohol and 1 1000 aqueous ^phiran, arc 
used The mtroitus, vagina, figure 189, 77, 
labia minora, figure 189, 72, prepuce, and 
the vulva, figure 189, 13, arc cleansed in 
that order Finally, the penneum and the 
pcnanal skm arc scrubbed before the 
sponges arc discarded, figure 189, 14 The 
patient IS then catbetenzed, figure 190, 75 
10 FoUcnvmg catheterization, a stcnlc towel 
IS draped transvcrscl> across a stnp of 
centimeter adhcsix-c held taut by the circu 
lating nunc, figure 190 77, 78 This tos^-cl 
u then fastened across the buttocks and 


clipped to the fourchet, figure 190, 19, to 
C 5 ^udc the anus from the field Thepenneal 
sheet IS then applied The rolled edges arc 
grasped, figure 190, 20, and opened out, 
figure 190, 27 The upper edge of the sheet 
15 held taut and the fan foldmg is shaken out 
so that the pockets for the legs pout open, 
figure 191, 22 The free arms of the nurse 
and assistant arc passed mto these pockets, 
figure 191, 23, the toes arc grasps, fig 
lire 191, 21, and the pockets arc everted, 
figure 191, 25, as the sheet is drawn over the 
legs, stirrups, and thighs, figure 191, 26 
The sheet is then smoothed over the abdo- 
men, figure 191, 27, to fit the field snugly A 
moistened folded towel is draped across the 
shelf 

INSECrrS IN THE OPESIATINO ROOM 

The operating room must be sprayed with 
an inscctiadal aerosol when it is closed for 
the night during the season of the year 
when msects arc prevalent Aerosols con- 
taining a solution of pyrethnnn and sesame 
oil m freon * are most effectiiT. Small bombs 
containing insecticide should be used to 
kill files that get mto the operating room 
while an operation u bemg done* Fly 
swatters scatter too many organisms to be 
safe. 

Cockroaches and silver fish arc often 
causes for contammation of stcnlc supphes 
during storage. They must be searched for 
methodically m every hospital. Periodic 
treatment uith DDT (dichloro-diphcnyl- 
tnchloro-cthanc) wall render premises insect 
repellent for wrecks * 

‘Eaoltiom C*Ajo U S Patent 2,209 145 (tWl) 

* Goooituc L. D iMcctiddil Acmaols, PttU mui TZro 
OvrW II 1 I 2 , 1943 
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CHAPTER XV 


TERMINAL STERILIZATION OF INSTRUMENTS AND TEXTILES 

FROM SEPTIC CASES 


'Tht central sail solution bovAs, used on so many operating tables to wash and wipe instruments is the most 
common unrecognized distributing focus in an otherwise aseptic technic. Instruments coming out of the wound 
should be discarded and resterilized; not touched, wiped or polished. 

— Allen O Whipple, 1940^ 


Many technics have been devised for the 
terminal stcnJization of dangerous organ- 
isms encountered during the course of an 
operation Most of these are as unreliable 
bactcnologically as they are time-consum- 
ing. The problem is to confine the dangerous 
bacteria to the areas contaminated durmg 
the operation and to destroy them as 
quickly as possible without spreading them 
throughout the operating suite The technic 
to be described has been elaborated to 
enable the scrub nurse to care for the ter- 
minal disinfection singlehanded. It causes 
no inconvenience to any other member of 
the team, so that expediency docs not 
prompt breaks in technic It is not time- 
consuming It is simple that fifteen 
minutes is adequate for carrying it through 
in detail and the instruments and operating 
room arc again ready for use within twenty- 
five minutes The technic has been in use 
for nine years During that period, no drs- 
tinction has been made between “clean” 
and “septic** cases Hemorrhoidectomy, 
inc'L^ion and drainage of abscesses, and the 
like are scheduled indLScriminatcly with 


hermorrhaphy, radical mastectomy, or thy- 
roidectomy with complete success 

By defimtion, every case where pus or 
gangrene is encountered, compounded in- 
juries or operations upon the intestinal tract 
or perineum are “dirty” and the linen and 
instruments must be disposed of by the 
following “dirty case technic ” 

As the operation draws to a close, the 
circulating nurse wheels in a truck fitted 
with two duck bags and ail the supplies and 
equipment necessary for the safe disposal of 
contammated instruments and linen No 
one on the operating team other than the 
scrub nurse is inconvenienced by the tech- 
nic The only difference from a clean case is 
that the other members of the team are 
asked to seek assistance in removing their 
gowns. At the close of the operation, it is the 
duty of every member of the surgical team 
to thoroughly cleanse the outside of his 
gloves in the glove basin This is quickly 
and easily done with the gloves on the hands 
but IS a time-consuming and messy chore 
when the soiled gloves arc taken off and 
left for others to clean Gloves should be 
removed habitually by a technic which 
avoids contamination of the skin of the 
hands and arms Such a technic is manda- 


> W;j;rPLr, A. O E'vnuaJ Principle in Clean ^Vo'Jnd 
, Cpr & OL , 70 257, 1740 By pernnsnon 
Ol'tftncs 
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tory when dangeroiu organisms have been 
encountered at operaUon and is desirable 
when the surgeon intends to enter a second 
operation without scrubbing his skin a 
second tune. The cuf5 of the gloves are 
turned back enough to hberate the sleeves of 
the go^vn, figure 192» 7, 2, .3 The circulating 
nurse loosens the ues at the back of the 
gown» figure 192, 4 Facing the surgeon, 
grasps the shoulder seams of the gown, 
figure 192, 5, and pulls it off the arms so that 
the sleeves turn inside out as they arc re- 
moved, thereby avoiding contamination of 
the skin of the arms vnth the inside of the 
gown The gown is rolled up and discarded 
in the laundry bag on the right end of the 
truck, figure 193, 1 The gloves are then 
removed as shovm m figure 192, 7 to 70 
The hands of the team arc prepared for the 
next operation simply by submergmg them 
in the same genmadal solution which svai 
used for preoperative dismfection and rub- 
bing every area of the skin thoroughly for 
two minutes. 

After assisting the members of the team 
out of thar gowns, the orcuiating nurse’s 
first duty is to ready the dirty ease truck 
for the scrubbed nurse, figure 193, 7 A 
stcrilixcr bucket is placed on the instrument 
table, figure 193, 2. The guard is removed 
from the second stcnhzcr bucket, fig 
lire 193, 3, and is placed in the center of the 
trmi, figure 193, 5 The bucket is put on 
the nurse’s table, figure 193, 4 A needle box 
IS taken from the top dra>\’cr, figure 193, 5, 
and dropped on the nurse s table, fig- 
ure 193, 6 Washed gauze from the same 
drawer u put into the pail on the truck, 
figure 194, 7, 5 A clean pair of gloves is 
put on the left hand comer of the truck, 
figure 194, 9, 10 The lids of the instrument 
pua arc removed and propped against the 
back rail of the tmei, figure 194, 17 
Geriuiadc, other 1 1000 aqueous Zcphiran 
or 1 1000 sodium h>'pochIonic, is poured 


mto the bucket, figure 194, 72. A water 
proof paper bag, taken liom the bottom 
riicif of the truck, figure 195, 73, is opened, 
the upper edge cuffed back and the bag 
placed upnght on the floor, figure 195, 14 
The scrubbed nurse, meanwhile, removTS 
the instruments, sponges, and ut ensils from 
the operating field, turns back the drapes, 
rolls them up and drops them m the nght- 
hand bag on the tnwi, figure 195, 75 If 
they are wet, she rolls them so that the 
dry portion about the periphery effectively 
covers the wet areas. 

The dressing is then completed and the 
patient IS wheeled from the room. 

The instruments arc opened and gathered 
mto the sterilizer bucket on the instrument 
taWe, figure 195, 16 When this has been 
done, the bucket is put on the nurse’s table 
and the drapes on the instrument table are 
rolled up and put into the laundry hamper, 
figure 195, 75 The instruments on the 
nurse’s table arc opened and collected mto 
the bucket, figure 195, 77, 18 The needles 
are gathered into the needle box, fig- 
ure 196, 19, which IS placed m the bucket 
with the instruments. Unused tubes of 
surgical gut arc immersed m the formalde- 
hyde gcnniadc, figure 196, 20, for disinfec- 
tion. Bougies, Penrose tubing, and the like 
are placed m the 1 1000 solution of ZepW 
ran. Both of the mstmraent pans arc fitted 
wth perforated plates ivhich serve to keep 
the tubes, etc , submerged Clean dry 
goods, such as unused go\vns, towels, 
sponges, and sheets, are placed m the 
duck bag at the left hand comer of the 
truck, figure 196, 27 Soiled sponges are dis- 
carded mto the waterproof paper bag, 
figure 196, 22. The surgical specimen is put 
mto a waterproof bag held fcry the circulat- 
ing nurw, who dehvers it to pathology ira 
mediately, so that it is not unw^tUngly 
opened m the operaung room. If the ipea- 
men IS large, an amputated gangrenous 
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CHAPTER XV 


TERMINAL STERILIZATION OF INSTRUMENTS AND TEXTILES 

FROM SEPTIC GASES 


The central salt solution bowls, used on so many operating tables to wash and wipe instruments is the most 
common unrecognized distributing focus in an otherwise aseptic technic Instruments coming out of the wmd 
should be discarded and rcsterilized, not touched, wiped or polished 

— Allen O. Whipple, 1940* 


Many technics have been devised for the 
terminal sterilization of dangerous organ- 
isms encountered durmg the course of an 
operation Most of these are as unrehable 
bacteriologically as they are time-consum- 
mg The problem is to confine tlie dangerous 
bactena to the areas contaimnated durmg 
the operation and to destroy them as 
qmckly as possible ^^Tthout spreadmg th em 
throughout the operatmg suite The techmc 
to be described has been elaborated to 
enable the scrub nurse to care for the ter- 
mmal disinfection smglehanded It causes 
no mconvenience to any other member of 
the team, so that expediency does not 
prompt breaks m technic It is not time- 
consummg It is so simple that fifteen 
mmutes is adequate for carrymg it through 
in detail and the instruments and operatmg 
room are agam ready for use wathm twenty- 
five mmutes The technic has been m use 
for nme years Durmg that period, no dis- 
tinction has been made between “clean” 
and “septic” cases Hemorrhoidectomy, 
incision and drainage of abscesses, and the 
like are scheduled mdiscrimmately ^vlth 

JWinrPLE, A O Essential Pnnaplcs m Clean Wound 

Healing, Smg , Gjn & Ob , 70 257, 1940 By permission 
of Surgery, Gyr^ecology & Obsletncs 


herniorrhaphy, radical mastectomy, or thy- 
roidectomy with complete success 

By definition, every case where pus or 
gangrene is encountered, compounded in- 
juries or operations upon the mtestinal tract 
or perineum are “dirty” and the Imen and 
instruments must be disposed of by the 
foUowmg “dirty case technic ” 

As the operation draws to a close, 
circulatmg nurse ivheels in a truck fittc 
with two duck bags and all the supphes ^ 
eqmpment necessary for the safe disposnb 
contammated instruments and Imen 
one on the operatmg team other than 
scrub nurse is inconvenienced by the t 
me The only difference from a clean case 
that the other members of the 
asked to seek assistance m remoiuu? ^ 
gowms At the close of the operation, h ^ 
duty of every member of the surgi ^ 
to thoroughly cleanse the outside o ^ 
gloves m the glove basm This ^ _ 

and easily done ivith the gloves on ^ 
but IS a tune-consummg and ^ 

when the soiled gloves are taken ° 
left for others to clean Gloves s ° 
removed habitually by a technic ^ 
avoids contammation of the 


hands and arms Such a technic is 


mane 
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tory when dangerous organisms have been into the bucket, figure 194, 12 A water- 

encountered at operauon and is desirable proof paper bag, taken from the bottom 

when the surgeon intends to enter a second shelf of the truck, figure 195, 13 , is opened, 

operauon without scrubbmg his slun a the upper edge cuffed back and the bag 

second time. The cuffs of the gloves are placed upnght on the floor, figure 195, 14 

turned back enough to hberatc the sleeve* of The scrubbed nurse, meanwhile, removes 

the gown, figure 192, 7, 2, 3 The circulating the mstruments, sponges, and utensils from 

nurse loosens the Ucs at the back of the the operating field, turns back the drapes, 

gown, figure 192, 4 Facing the surgeon, rolls them up and drops them m the nght- 

fhe grasps the shoulder trams of the goivn, hand bag on the truck, figure 195, 15 If 

figure 192, 5, and pulls It off the arms so that they arc wet, she rolls them so that the 

the sleeves turn inside out as they arc re- dry portion about the periphery effectively 

moved, thereby avoidmg contamination of covers the wet areas, 

the tlnn of the arms with the inside of the The dressing is then completed and the 
gown. The gown is rolled up and discarded patient is wheeled from the room 
m the laundry bag on the nght end of the The instruments arc opened and gathered 
truck, figure 193, 7 The gloves arc then mto the sterilizer bucket on the instrument 
removed as shown in figure 192, 7 to 10 table, figure 195, 16 When this has been 
The hands erf the team arc prepared for the done, the bucket is put on the nurse’s table 

next operation simply by submerging them and the drapes on the instrument table are 

in the same gcrmiadal solution which was roUed up and put mto the laundry hamper, 

used for preoperativc disinfection and rub- figure 195, 75 The instruments on the 

bing every area of the tkm thoroughly for nurse’s table are opened and collected mto 

two mmutes the bicket, figure 195, 77, 18 The needles 

After amtfting the member* of the team arc gathered into the needle box, fig 

out of their gowns, the circulating nurse’s urc 196, 19 , ivhich is placed m the bucket 

firjt duty IS to ready the dirty ease truck with the instruments Unused tubes of 

for the scrubbed nurse, figure 193, 7 A surgical gut are immersed in the formaldc- 

rtcrilizcr bucket is placed on the mstnimcnt hyde g er m iade, figure 196, 20 , for dismfcc- 

tflblc, figure 193, 2 The guard is removed tion. Bougies, Penrose tubing, and the like 

from the second sterilizer bucket, fig- arc placed m the 1 1000 solution of Zcphi- 

urc 193, 3, and u placed m the center of the ran. Both of the instrument pans arc fitted 

truck, figure 193, 5 The bucket is put on wth perforated plates which serve to keep 

the nurse’s table, figure 193, 4 A needle box the tubes, etc., submer g ed Clean dry 

b taken from the top drawer, figure 193, 5, goods, such as unused gow-ns, towels, 

and dropped on the nurse’* table, fig- sponges, and sheets, arc placed m the 

urc 193, 6 Washed gauze from the same duck bag at the left hand comer of the 

drawer a put mto the pail on the truck, truck, figure 196, 21 Soiled sponges arc dis- 
figure 194, 7, 8 A dean pair of gloves is carded mto the ^vatc^p^oof paper bag, 

^t on the left hand comer of the truck, figure 196, 22 The turgical specimen is put 

figure 194, 9, 10 The hds of the inrtrumcnt mto a wat er proof bag hdd bv the circulat 

arc removed and propped against the mg nurse, who dcU\crs it to pathology im 

rack rail of the truck, figure 194, 77 mcdiatcl>, to that it is not unwittingly 

t^Cfuuadc, cilher 1 1000 aqueous ZqDhiran opened m the operating room. If the spea- 
1 1000 sodium h>pochIontc, b poured men is large, an amputated gangrenous 
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extremity, for example, the circulating 
nurse receives it in a sterile half sheet and 
carries it to the laboratory without con- 
taminating herself. The fluid m tlic kidney 
basins and saline basin is poured into the 
glove basin, figure 196, 2 \ and the utensils 
are put into the left-hand bag, figure 196, 24 , 
The stopper is removed from the suction 
bottle and the coiled rubber tubing is 
placed in the second sterilizing bucket along 
with the stopper, figure 197, 25. The con- 
tents of the suction bottle arc emptied into 
the kick pail The gloves arc taken out of 
the glove basin, drained, and put into the 
second bucket along with the other rubber 
goods, figure 197, 25. The glove basin is 
emptied into the kick pail and then slipped 
into the left-hand bag, figure 197, 27, The 
drape is removed from the ring stand, 
figure 197, 28 , rolled up and put into the 
nght-hand bag, figure 195, 15 The soiled 
sponges, tom mbber gloves, etc , arc taken 
out of the kick pail, squeezed dry, and put 
into the paper bag, figure 197, 29 The 
nurse is then helped out of her gown The 
gown is folded and put into the right- 
hand bag, figure 197, 30 The kick pail is 
carried to the hopper and its contents dis- 
posed of, figure 1 98, 31 . 

The circulating nurse adds the proper 
quantity of detergent to the instrument 
washer sterilizer, figure 198, 32 The suction 
bottle IS put on top of the instmmcnts and 
the bucket is carried to the sterilizer by the 
scrubbed nurse, figure 198, 33 The nurse 
also carries the bucket of rubber goods to 
the sterilizer and puts it on top of the one 
containing the instruments, figure 198, 34 
She removes her gloves, figure 192, 7 to 10 , 
and discards them into the uppermost 
bucket, figure 198, 35 She returns to the 
dirty case truck and puts on the clean pair 
of gloves, figure 1 98, 36 

The drapes on the nurse’s talilc arc then 
carefully folded by grasping the under side of 


the sheet and folding the contaminated sur- 
faces inward, figure 199, 37 , 38 . The sheet is 
rolled, figure 199, 39 , and put into the right- 
hand hamper, figure 1 95, 15 . The furniture is 
then washed with the germicide in the pail, 
figure 199, 40 , 41 . The laundry bag con- 
taining the soiled linen is closed and snugly 
tied, figure 199, 42 . A red tag marked “com- 
municable” is attached and the bag is sent 
to the laundry where it is kept until the 
end of the day when all the bags marked 
“communicable,” which have accumulated, 
arc treated together. The drawstring on tlic 
bag of utensils and clean dry goods is pulled 
taut and tied, figure 200, 43 This bag is 
sterilized with the next load of dry goods 
going through the dressing sterilizer. 

If the operating table has been contami- 
nated, It IS returned to the operating room 
and the contaminated areas arc thoroughly 
sembbed with germicide. The kick pail is 
next washed thoroughly with germicide, fig- 
ure 200, 44 , and the gauze is discarded into 
the paper bag, figure 200, 45 . The cufT of tlic 
paper bag is carefully turned in and the bag is 
closed snugly so that it can be safely taken 
to the incinerator, figure 200, 46 , 47 . The 
nurse then removes her gloves and discards 
them into the upper bucket in the instru- 
ment washer sterilizer, figure 200, 48 She 
gets the guard from the dirty case truck and 
fils it into the top bucket to prevent the 
rubber goods from floating during steriliza- 
tion, figure 200, 49 Sterilization is accom- 
plished as shown m figure 110 

If the sterilizers are being used when the 
dirty operation is finished, things are cared 
for just as above to the stage where the 
buckets of instruments are placed in the 
sterilizer Here an alternate technic is used 
A large sheet of waterproof paper is spread 
on the instrument table and the buckets are 
placed on this paper, figure 201, 50 , where 
they remain until the sterilizer is free The 
bails of the buckets are then lifted with a 
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Figure 201 


Sterile handle, figure 201, 57, and the 
buckets hre carried to the sterilizer. Tlic 
handle is placed on top of tlic wire cage for 
stcnlization 

Lacking equipment such as that de- 
scribed, tlic instruments arc gathered into an 
ordinary arm soak, figure 201, 52, and cov- 
ered with a solution of cold 2% sodium tri- 
phosphate The instiumcnts arc permitted 
to stand a few minutes to lake the blood 
They arc then sterilized in saturated steam 
at 121°G for forty-five minutes Rubber 
goods can be sterilized along with the instru- 
ments, if necessary, but it is preferable to 
sterilize them m a separate container be- 
cause nickel plated instruments arc likely 
to tarnish where they contact rubber during 
sterilization 

The sterilization of linen contaminated 


with dangerous organisms is not difficult, 
provided tlic linen is not permitted to dry. 
Desiccation is deleterious because it fosters 
spore formation and hardens blood on the 
textile Tlic laundry bags marked “com- 
municable” arc emptied directly into a 
washing machine The bags arc thrown m 
also The washing machine is filled with 
cold water and run for twenty minutes to 
leach out the proteins and to lake blood 
stains Water softener and soap are then 
added until dicrc is a good head of latlicr. 
Three per cent excess soap is next added to 
provide a minimum pH of 11 to insure 
sterilization The water is heated to boiling 
and soap is added a second time to make a 
good head of lather Tlie clothes arc then 
rinsed and finished along with the other 
hospital laundry 
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CHAPTER XV! 


PREPARATION OF PARENTERAL FLUIDS 


bj the injeeUm ef tvater end salts (m quantxtus aaerdotg to the preaous extenl of the eveaiations) wt 
mar restore the dejiaenl Jfutds of the body end bnni back the blood to its normal siaie^ thus rmonng a poan/ul 
ftTMu of death and pemuUiae the paUerU to recooer Jrom the disease 

— William B O SiiAOomfEssv, 1832* 


The parenteral admmmration o/ mcdi- 
cmc has become so commonplace that every- 
one dealing with clinical problems should 
be familiar with the basic pnnciplcs which 
determine its success. Regardless of the ap- 
paratus used or the type of solution pre- 
pared, there is no excuse for ununvard 
reactions following routine parenteral 
therapy* 

Untoward rcacuons foUo!viiig the injec- 
tion of fierile “distilled’ ss'atcr are charac- 
terized by symptoms suggestive of protem 
ibodc. The mild forms are evidenced merely 
by a moderate fever which reaches a peak 
and returns to normal wiihm six hours 
foliovking the infusion In more severe reac- 
tions, hyperp y r ex ia foUcn\'s chills or pam In 
the back or legs and usually occurs while 
the Infusion is still flmving Nausea, vomit- 
ing, and diarrhea may ensue, perhaps 
assoaated with a fall m blood pressure. In 
senous rcacuons, a marked drop m blood 
prcmirc is associated i\ith cymiosis or circu- 
latory collapse v.*hich may result in death. 
Mild reactions arc distrcssmg to the pa 
Uenu sexTTc rcacuons arc dangerous, par- 

’ 0*SiiAcnrra3rv \N B. Cbmlcai Paibologrof Cbd 
»Ta,Lrwf,Ji'»3j Mar 1832. 

C. \s The Baia rf Succcuful Pafea t ft J 
U i Ne- \f 3JI24W62, IWl 


Ucularly since the indicaUons for this form 
of therapy may present a patient already m 
enucal condition. The cause of such reac- 
tions has been the subject of much conjec- 
ture despite clarifying laboratory and dim- 
cal evidciicc. WecKsclmann, m 1911, noted 
that distilled Nvater acquired, on standing, 
the property of producing fcbnJc reactions * 
He behevrf bactcnal contamination re 
sponsible and advocated the administration 
of freshly distilled \\’atcr only Hort and 
Pcnfold, m 1911, confinned Wcchselmann’f 
observation that distilled water became con- 
taminated ivith bactena on standing * Re- 
moval of these bactena by Bcrkcfcld filtra- 
tion did not clmunatc the reactions. Thir- 
teen types of bactena were identified as 
capable of imparting the pyrogenic prop- 
erty to distilled water 

Seibert and her collaborators, 1923- 
1927,* • * added other organisms to the 

* ti CCmXLUA>r( Ai’p-W Fj C»hr ung<T» f|f»»Tlnfr J tT nn %- 

SihrarunlDjcktlooes ReattloTaer»cbeintmggn. t/vi 
<Ar« Iftd. flcAuo^., S8{1$I0 I9J1 

* IIo*T E. C. aad Ptsruu) \V J Dingtn cf Saluv* 
lojecaom, 1/ J, 2iJ589 1911 

‘SmtJtT F B. F<ver»prod ucI pg Suhrtance Found 
lo Some DutilW \\atcfi. An. J /Ttyno/., 6"j90, 1923 

*S*i»t*T F E. Cui*e d Mjn> Febrile Reactkn 
T<d}o>«ios lotnvcDOUJ Injcctioc*, An. J *1 621 

1925 
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list and were able to differentiate three 
groups of pyrogenic bactena, those provok- 
ing low fever, those causing chills and high 
fever, and those responsible for immediate 
prostration and death The etiologic factor 
was a filterable, thermostable, desiccation 
resistant exotoxin produced by various 
organisms capable of growing in distilled 
water. The contammation of distilled water 
was shown to be due to air-bome bacteria 
and/or a pyrogemc exotoxm earned from 
the raw water in the generator of the still to 
the condensers. Distillation in a still de- 
signed to prevent entrainment, immediate 
sterilization after distillation, and sealing to 
protect sterility were recommended as essen- 
tial steps in providing safe water for paren- 
teral injection Another source of pollution 
of solutions was shown to be a pyrogenic 
exotoxin which dned on the inner surface 
of glassware Flasks in which pyrogemc 
water had evaporated could be rendered 
safe by merely nnsing them with freshly 
distilled water 

Banks ® showed that pyrogens could be 
destroyed by heating water for thirty min- 
utes at 140°C under 1950 mm gage pres- 
sure CoTui and his co-workers found 
that the pyrogen could be adsorbed on 
Seitz asbestos filters and estimated the size 
of the pyrogenic particle to be between 50 
millimicrons and one micron Pyrogenic 


’ Seibert, F B and Mevdel, L B Protein Fevers, 
\Mth Special Reference to Casein, /im J Physicl , 67*105, 
1923 

‘Ba ♦T,s, H M Study of Hyperpyrexia Reaction Fol- 
lowing Intravenous Tlicrapy, Am J Chn Path , 4 260, 
1934 

» CoTui, F IV , McClosi Jiy, K, L , SatRirr, M and 
Yates, A L New Method of Preparing Infusion Fluids, 
Based on Removal of Pyrogen b> Filtration, JAMA, 
109 250, 1937 

i" CoTui, F W and Wright, A M The Preparation 
of Nonp>Togcnic Infusion and Other intrasenous Fluids 
by Adsorptive Filtrauon, Ann Surg , 116 412-425, 1942 


particles can also be adsorbed on activated 
charcoal ” These facts explain many diffi- 
culties encountered in parenteral adminis- 
tration, not only of electrolytes and dextrose 
but also of arsemcals, infiltration anesthet- 
ics, contrast media, and citratcd blood or 
plasma 

There are but two requisites for a safe 
supply of parenteral solutions — a source 
of pure raw materials and centralized 
responsibility for cleanliness m the prepara- 
tion of solutions and apparatus Any hospi- 
tal where major surgery is performed has 
the necessary sterilizing equipment and 
the trained personnel to whom such respon- 
sibility can be delegated 

The quality of freshly distilled water is 
affected by two factors — the design of the 
still and the care and intelligence with 
which It IS maintained and operated Be- 
cause those entrusted with the maintenance 
and/or operation of stills often have little 
concept of the process of distillation or 
what precautions must be taken to obtam 
pure distillate, various protective features 
have been meorporated into the design of 
stills Water which has been distilled but 
once IS sufficiently pure for intravenous 
work unless the water supply is unusually 
bad or the personnel is unreliable or shifted 
so often that no one is familiar with the 
proper operation of the still Multiple dis- 
tillation provides a factor of safety in such 
instances However, a well designed still, 
intelligently operated and carefully main- 
tained, can deliver in one distillation water 
as pure as that obtained by double or triple 
disullation 


" Lees, J C and Lrvw, G A Emergency Prepara- 
tion of Pyrogcn-frcc Water, Dnt M J , t 430-432, 
1940 


” Walter, C W The Relation of Proper Preparation 
of Solutions for Intravenous Therapy to Febrile Reactions, 
Annals of Surges), 112 4, 1940 
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DIAGRAMMATIC ELEVATION OF STILL 



Diagr amn iatic elevations of the vanom 
types of soils m hospital use are illustrated 
in figures 202, 203, 204 Although the 
dengn v^ines, certain common elements 
ma^ be noted The source of heat must be 
accurately controlled to insure constant 
heat input, a steam coil is illustrated 
Emporator design must prtmdc adequate 
space for the slms, v-crticd nsc of steam to 
permit droplets, thimvn from the agitated 
nirfacc dunng the cbulhuon of steam, to 
fill back. 

Condemen arc usually lined \s*ith pure 
tin to resist attack by distilled >\'atcr ^mc 
of the aluminum allo)a are also successful 
The condensers of a \scll functioning still 
need never be cleansed Indeed, cleansing 
u llVcly to introduce dirt or scratch the 
protccti\*c mrfacc 

The chief cause of pollution of the disul 
hitc IS cntmnmcnt of droplets of spra> or 
foam thrown off b> the boiling \%'atcr Thus, 
Panics (bacicna) and/or solutes (p)’n>- 


gens) arc earned from the raw wTitcr m the 
e\'aporator to the condenser b> the steam. 
Most soils are designed to eliminate cn- 
trainmcnL Properly placed bafllcs contrib- 
ute much to the punty of the distillate by 
prtn’oiung poUuUon of the condensers wnth 
spra) B^cs cluninatc cntraimncnt by 
causing jaarticlcs to irapmge, thus remosang 
them from the steam. The scrubbing action 
obtained by condensing a portion of the 
steam m a prunary condenser is also helpful, 
figure 204 TTic partial chillmg of the steam 
causes condensation to occur on small drop- 
lets, making them hcaN-y enough to fall 
back 

Location of the condensers at a distance, 
preferably v-crucallj, from the boiling sur- 
face prondcs opportumty for the droplets 
to disengage themselves from the llcnvmg 
steam. The disengaging space must ha\-c a 
wide cross section so that the N*cloacy of the 
stream is so l(n% that entrainment is im- 
possible. 
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DIAGRAMMATIC ELEVATION OF STILL 


Entrainment due to the foaming of hard 
^vate^ u often due to the concentration of 
residual impunUcs m the evaporator A 
dcconccntratcH' or bleeder permits cootmu- 
OU 5 formation of steam from a flo^vmg 
ftream of water ^\^thout harmful concentra 
tion of impunOcs 

Gross pnming of a still is prevented by 
careful balancing of the flow of cooling 
^s’atcr and the rate of heating The Nvatcr 
supply must be controlled to insure uniform 
fio^vof^vatc^ through the evaporator, other- 
wise pruning occurs wheoever the water 
pressure drops. Too rapid heating causes 
explosive ebullition of steam and much 
splashing The suddenly increased veloaty 
of the stream of steam carncs the splashed 
droplets past bafllcs or traps v-luch arc 
ordinarily effective. Because the dynamic 
pressures of water and steam supplies m most 
hospitals fluctuate \Mdcly, automatic con 
XxxAoUht sUll must be rcli^ upon to p r event 
pruning; othenvase, the quality of die dis- 
tilled ivatcr IS not detennined so much by 
the design of the still as it is by the number 
of times toilets arc flushed, laundry machines 
arc i^^/ccil, or steam proce ss ing equipment is 
used Prcssxirc-rcduang valves set at 75% 
of the static pressure of the steam and at 
440 mm. Hg for unter provide adequate 
control Ch'crloadcd dectncal circuits, n 
common fault m hospitals, may also influ- 
ence the quality of the distillate, for if the 
siIU is adjusted >Nhilc the s’oltagc is Imv, it 
'mU prime ishcn the voltage returns to nor- 
mal and the heat mput is mcrcascd. 

CSiemically pure distilled wntcr carmot 
be stored unless it is hcnncticall) sealed m 
*tcnJc containers, hence, distilled water 
roust be collected m a storage tank just 
enough to accumulate a t\xiriang 
roppi) An inverted P^toc carbo) fitted 
Vkiih a glass stopcock is best, figure 210 1 
^^ccausc It can be drained dr> Carbo>-5 
roust be drained as soon as there is no immc- 


Row WCtff lA 



Fiot-iir 2CM Ij ehfT^ 


diatc use for distilled \mtcr so that bacteria 
cannot gro\s m residual water and pollute 
subsequent collections. 

Pure water is a comparatistj^ pcxir con 
ductor of clccinaty and its specific resist- 
ance IS therefore an excellent measure of its 
punt> The cflkicnc) of a suH can be 
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checked quickly and accurately by deter- 
rmning the specific resistance of the distillate 
by means of a 1000-cycle Wheatstone 
bridge. The distillate firom a ivell designed, 
properly operated stiU has a specific resist- 
ance of at least 500,000 ohms and therefore 
a maximum specific conductance (the recip- 
rocal of specific resistance) of 2 X lO"'' mhos 
at 20°C One part of chloride ion per million 
parts of ^vater reduces the specific resistance 
from 500.000 ohms to less than 300,000 
ohms The presence of electrol}i;es m freshly 
distilled \vater mdicates contamination wth 
tap \vater by entrainment or leakage from a 
faulty condenser. It may then be assumed 
that the distillate has also been contami- 
nated by p)Togenic substances accompany- 
ing the electroh'tes Improperly installed 
stills produce impure ^vater sporadically so 
a contmuous check on the purity of the dis- 
tillate is necessary' to avoid trouble 

Biological methods must be employed to 
identify actual p)TOgen content quahta- 
tively. The simplest test is that of mjecting 
10 cc of the questionable solution into the 
ear vein of a rabbit and determining the 
rectal temperature hourly for three or four 
hours The rabbit’s normal temperature 
ranges from 38 3° to 39 8°C under standard- 
ized conditions The febrile reaction 'which 
results from the injection of ptyogen raises 
this to 40 5° to 41.6°C The technic de- 
scribed in the Umted States Pharmaco- 
poeia XII, page 606, follo\N*s' 

P'i’a.OGEN TCST 
Test Arimal 

Use healthy rabbits weighing 1000 gm. or 
more which have been maintained for at least 
one \.eck on a uniform diet and ha%e not lost 
weight. Test the thermometer to determme 
the ume reouired to reach maximum tempera- 
ture. If the animals ha%e not been previously 


intervals one to three days before use Insert 
the thermometer beyond the internal sphincter 
and allow' it to remain a suffiaent time to reach 
maximum temperature, but in no case less 
than mnety seconds, before the reading is 
recorded Discard those anima]<; v^th a tem- 
perature m excess of 39 8°C On the day of 
the test take a control temperature reading 
before the injection of the test material Animals 
may be used for the test m subsequent tests after 
a penod of not less than two da}s, provaded 
the control temperature reading taken on the 
day of the test does not exceed 39 8°C The 
readmg taken on the test day constitutes the 
normal temperature of the test animal from 
w'hich a subsequent rise due to the mjechon of 
the test material is calculated. Keep test am- 
mals in individual cages protected from dis- 
turbances likely to cause excitement. Exercise 
particular care to avoid excitmg the animals 
on the day of taking the control temperatures 
and on the test day. Withhold food from any 
animals used, beginning one hour before the 
first temperature readmg, and permit no food 
until the day’s record is completed Free access 
to w'ater is allow'ed Keep the animals at uni- 
form temperatures ( ± 5°C) dunng the control 
and test penod They should preferably be 
housed in quarters mamtamed at constant 
temperature and hurmdity 

Conduct of the Test 

Warm the product to be tested to approxi- 
mately 31°C and mject 10 cc per kg of rabbit, 
intravenously through the margmal ear vem 
withm fifteen mmutes subsequent to the control 
temperature reading on the day of the test. 
Record the temperature one hour subsequent 
to the mjection and each hour thereafter until 
three recordmgs have been made Synnges and 
needles used for these injections must have 
been treated to render them p)Togen-free and 
then sterilized Not less than five rabbits shall 
be used for each test and the test shall be con- 
sidered positive if three or more of the fi'C 
animals show an individual rise in temperature 
of 0 6°C or more above the normal established 
for each of these ammals If only one or two 


ii^rA lor such Tests, talie four rectal temperature 
readings on each of the animals at two-hour 
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of tbc fi^'C nrum.nU ihCHI' A pOSJtlVC FOpOaSC 
ibc test must be repeated on a second group 
of fisT additional animals. The test shall be 
considered posimx 1 / tvio of the second group 
of fi\T ■■^nTTTialt shosv an indnidual rue in 
tanperaturc of 0 6 C or more aben-e the normal 
established for these animals. 

GLASSWARE 

P)TCX glass\s*arc is the most satisCactor> 
because of Its high resistance to mechanical 
and ther mal sbock and its stable annealed 
surface which resists h\*drol>'sis. The alkaline 
film formed at the glass-liquid mterface of a 
soft glass ina> cause pol^incnzation c£ 
dextrose during stcrflizatiom 

CUarsrg G^urtoore 

To be chemically clean, glasss\'are mast 
be fired <rf the initial vril as well as of msc^u- 
Ue deposits resulting from the intcractian of 
washing agents (soaps and detergents) and 
water or <oil containing more than traces 
of alkahne earths (calcium and manganese) 
The white, foggy, opalescent film which be- 
comes noQccahlc as glasr\s-are dnes b due to 
insoluble alkali earth soaps formed by this 
intcractioiL Dned blood and closely adher- 
ent bacterial grcnMhs are the usual types of 
soil encountered Blood and residual solu 
hems imntc and support bacterial life and 
may be the cause of pollution with psT o ge n . 
Dned fungi are particularly difficult to 
remo-c. They may be insasiblc until hydro- 
lyTcd during sterilization, when they sweD 
and become opaque and are mistaken for 
WTsps of cotton floaung m the «olutioiL Be- 
cause glassware is fiequcntly used m the 
labcraiory or uuht\ room, residues of feces, 
unne, pus, and transudates are often cn 
countered. The most tenaaous <o0 is a 
prean film which accumulates when the 
glaswN-arc is used rcpcatedl% without ade- 
quatc dcan«ing A jet of hot detergent solu 
Uoa under suffiaent pressure to scour th* 


mner surface of the flask clean is the mo*t 
rap’d and satisfactory method of prepar- 
mg contamers Mechanical washers, fig- 
ure 205, 7, usin g this pnnaple, arc obtain 
able- 

Where mechanical means for clcanmg arc 
not available, detergent soluuons alone must 
be relied upon * They arc quite satisfactory 
m hospitals where the glasns’arc is returned 
promptly and cleansed daily so that adher- 
ent son IS aiTDidcd Lndcr no circumstances 
should soap and water be used because they 
foster the prcapiiaaon of cloudy films of 
nllali earth <oaps on the inside of the glass- 
ware which arc difficult to rcmo\-e Harsh 
alkalies must also be avoided because they 
destroy the annealed surface Brushes both 
mechanical and manual, arc dangerous be- 
came they are likely to scratch the annealed 
surface, pa m ining chemical attack or caus- 
mg fracture during sterilization or after the 
vacuum has formed 

After glassi\'are has been tho-oughly 
cleansed, it must be rinsed with freshli dis- 
tilled water, figure 205, 2, to ranme any 
pyTOgen contaminatmg its inner surface. It 
15 then imened to dram as well as to prt> 
toct the mndc from dust, figure 203, 3 
When distilled water is poured hum a 
dean flask, a film of water is left spnxid on 
the inner surface. This film breaks immcdi 
aidy and forms droplets whcrcier grearv 
so2 alters the surface. Clean glass hould 
show no ‘heater breaks"^ m the film of dis- 
tilled watCT left after the final rinsing and 
should be crystal dear when dn 

FUUtj 

Fnttcd glass t or p o - c flrun filters* arc 
readily dcansed b% immersion m a hot «o’u- 
003 (60 C) containing 0 each of medium 

Cairattc, Ci-jri-ic, cr II*-r»«cL 

t Mifa.iTU txfarH 1 - <> 4 o-d. Ci=iTVJ— 
Muf. 
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checked quickly and accurately by deter- 
mining tlie specific resistance of the distillate 
by means of a 1000-cycle Wheatstone 
bridge The distillate from a well designed, 
properly operated still has a specific resist- 
ance of at least 500,000 ohms and therefore 
a maximum specific conductance (the recip- 
rocal of specific resistance) of 2 X 10“® mhos 
at 20°C One part of chloride ion per milli on 
parts of water reduces the specific resistance 
from 500,000 ohms to less than 300,000 
ohms The presence of electrolytes m freshly 
distilled water mdicates contamination with 
tap water by entrainment or leakage from a 
faulty condenser It may then be assumed 
that the distillate has also been contami- 
nated by pyrogenic substances accompany- 
mg the electrolytes Improperly mstaUed 
stills produce impure water sporadically so 
a continuous check on the purity of the dis- 
tillate IS necessary to avoid trouble 

Biological methods must be employed to 
identify actual pyrogen content quahta- 
tively The simplest test is that of mjecting 
10 cc of the questionable solution mto the 
ear vem of a rabbit and determmmg the 
rectal temperature hourly for three or four 
hours The rabbit’s normal temperature 
ranges from 38 3° to 39 8°C under standard- 
ized conditions Tlie febrile reaction which 
results from the mjection of pyrogen raises 
this to 40 5° to 41 6°C The technic de- 
scnbcd in the United States Pharmaco- 
poeia XII, page 606, follows* 

P\*ROGEN TEST 

Test Animal 

Use healthy rabbits weighing 1000 gm or 
more which have been maintained for at least 
one \%cck on a uniform diet and have not lost 
\s eight Test the thermometer to determme 
the time required to reach maximum tempera- 
ture If the animals have not been previously 
used for such tests, take four rectal temperature 
readings on each of the animals at t\vo-hour 


intervals one to three days before use Insert 
the thermometer beyond the mtemal sphincter 
and allow it to remam a sufficient time to reach 
maximum temperature, but m no case less 
than mnety seconds, before the reading is 
recorded Discard those animals with a tem- 
perature m excess of 39 8°G On the day of 
the test take a control temperature reading 
before the mjection of the test material Ammals 
may be used for the test in subsequent tests after 
a period of not less than two days, provided 
the control temperature reading taken on the 
day of the test does not exceed 39 8°C The 
readmg taken on the test day constitutes the 
normal temperature of the test animal from 
which a subsequent rise due to the injection of 
the test matenal is calculated Keep test ani- 
mals m mdividual cages protected from dis- 
turbances likely to cause excitement Exercise 
particular care to avoid exciting the animals 
on the day of takmg the control temperatures 
and on the test day Withhold food from any 
animals used, beginmng one hour before the 
first temperature readmg, and permit no food 
until the day’s record is completed Free access 
to water is allowed Keep the animals at uni- 
form temperatures ( ± 5°C) dunng the control 
and test period They should preferably be 
housed in quarters mamtamed at constant 
temperature and humidity 

Conduct of the Test 

Warm the product to be tested to approxi- 
mately 37 “C and inject 10 cc per kg of rabbit, 
mtravenously through the marginal ear vein 
wthin fifteen minutes subsequent to the control 
temperature reading on the day of the test 
Record the temperature one hour subsequent 
to the injection and each hour thereafter until 
three recordmgs have been made Syringes and 
needles used for these mjcctions must have 
been treated to render them pyrogcn-frcc and 
then stcnlized Not less than five rabbits shall 
be used for each test and the test shall be con- 
sidered positive if three or more of the five 
animals show an individual nsc in temperature 
of 0 6°C or more above the normal established 
for each of these animals If only one or two 


[ 280 ] 



of the animals show a positi\*e response 
the test must be repealed on a second group 
of five addiuonal animals. The test shall be 
considered ponm-c if nvo of the second group 
of fu'e animals show an Individual nsc m 
temperature of 0 6 C or more above the normal 
established for these animals. 

GLASSWARE 

P)Tcx glassware is the most satisCactory 
because of its high resistance to mechanical 
and thermal shock and its stable annealed 
surface which resists hy’droly’sis. The alkaline 
film formed at the glass-liquid mtcrfacc of a 
soft glass flask may cause polymerization of 
dextrose durmg sterilization 

Qeamng Glaisware 

To be chemically clean, glassware must 
be freed of the initial soil as well as of msolu 
ble deposits rcsuJtmg from the mtcraction of 
washing agents (soaps and detergents) and 
\N*atcr or soil containing more than traces 
of alkalme earths (calaumand manganese) 
The white, foggy, opalescent film which be- 
comes noticeable as glassNsarc dnes is due to 
insoluble alkali earth soaps fonmod by this 
interaction Dned blood and closely adher 
ent bactcnol gro>\'th3 arc the usual types of 
toil encountered Blood and residual solu 
tions m\atc and support bactcnal life and 
may be the cause of pollution with pyrogen 
Dned fungi arc particularly difficult to 
remcA'c. They may be mvisiblc until hyxlro- 
lyzcd dunng sterilization, when they swtU 
and become opaque and arc mistaken for 
wisps of cotton floating m the solution Be 
cause glassware is frequently used in the 
laboratory or utility room, residues of feces, 
tmne, pus, and traasudaics arc often cn 
countered Tlic most tenaaous sod is a 
pcasy film which accumulates when the 
glassware u used rcpcaicdli without ade- 
quate cleaning A jet of hot detergent solu 
tion under sulfiacnt pressure to scour the 


inner surface of the flask clean is the most 
rapid and satisfactory method of prepar- 
mg containers. Mechanical washers, fig 
urc 205, 7, usmg this pnnciplc, ire obtain 
able. 

WTicrc mechanical means for cleaning arc 
not av'aflablc, detergent solutions alone must 
be relied upon * They arc quite satisfactory 
m hospitals where the glassNs-arc is returned 
promptly and cleansed daily so lliat adher- 
ent soil IS av’oidcd Under no arcumstanccs 
should soap and water be used because they 
foster the prcapitation of cloudy films of 
alkali earth soaps on the inside of tlic glass 
ware which arc difficult to remerve Harsh 
alkahcs must also be abided because they 
destroy the annealed surface Brushes, both 
mechanical and manual, arc dangerous be- 
cause they arc likely to scratch tlic annealed 
surface, permitting chemical attack or caus 
mg fracture dunng sterilization or after the 
\’acuum has formed 

After gl 2 ss\N’arc has been thorouglily 
cleansed, it must be nnsed with freshly dis 
tilled water, figure 205, 2, to rcmcne any 
pyr o gen contammaUng its inner surface It 
IS then m\'crtcd to dram as well as to pro- 
tect the inside from dust, figure 205, 3 
When disuUcd water is poured from i 
dean flask, a film of water is left spread on 
the inner surface. This film breaks immcdi 
atcly and forms droplets whertrver greasy 
soil alters the surface. Qcan glass should 
sho^^ no ‘Sratcr breaks ’ in the film of dis- 
tilled water left after the final nnsmg and 
should be crystal dear when dry 

FilUrs 

Fntted glass t or porcelain filters t arc 
rcadil) dcansed by immersion in a Iioi rolu 
tjon (80°C) containing 0 :>% each of sodium 

CiljoUc, or IliraoviL 

t Maolinrr Bxko-n CottrTuoy ‘»l6nsed.CicirKir- 
Mul 

t SrUj OwpiST FC-4JA-10 
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CLEANING GLASSWARE AND TUBING 


TurntA-ble 










rutnte and sodium chlorate in concentrated 
sulfunc The aad is nnsed from 

the porous disk by running distilled iratcr 
through the filter m the reverse dirccoon 
until ie nnsmgs arc neutral to htmus paper 
or until the conductivity of the nnsmgs 
approaches that of the onginal distilled 
water 

EQUIPHENT 

The equipment chosen for parenteral 
fluids should provide for easy sterilization, 
safe storage under hermetic s^, and ready 
administration from the onginal container 
Such apparatus consists of a container 
i\’hich can be scaled hermetically by means 
of a rubber bushmg and stainless steel 
stopper The dements of the seal arc assem- 
bled pnor to sterilization so that possible 
contammauon during scaling is avoided 
The contents of the flask can be mfiised by 
remoNong and substituting for the stainless 
sted stopper a special “vent tube.” The fluid 
leaves the inverted container b) gravity 

CenitfjwT 

The graduated container is mold blown ” 
of thick P>Tcx glass m a shape designed to 
isnthstand the ivatcr hammer which results 
when fluids under high vacuum arc jarred 
Its wide mouth and short ned.. facilitate 
cleansing The contour of the mouth and 
lip is such that the rubber bushing is bdd 
securely m place, figure 206, 1 

The rubber bushmg is molded of non- 
toxic, heat resistant rubber which retains its 
resiliency after repeated stcnlizauon and 
docs not become tack) and stick to either 
the container or the stopper It is shaped to 
cling firml) to the mouth of the container 
The frustum of the bushing fils snugly 
against the mwardly tapenng portion of the 

** WAfna, C. \S Simplified Apipantoi Car tbc Ad 
“Waiioo d Panmicral Flmd, lWi!!>82- 

i: 


neck of the contamer to prc\cnt the bushing 
from bemg pushed mward during scaling 
or from bemg drawn mto the flask as the 
vacuum is formed The clastic periphery of 
the skirt clin gs to the hp of the flask, holdmg 
the bushmg in position wiicn the stopper is 
withdrawn or w hen the container is mverted 
in the dispcnsmg posiuom 
The stopper is fabricated of a corrosion 
resistant, passivated stainless steel to with- 
stand the attack of salmc solutions, as well 
as to resist tarnish from an atmosphere of 
steam or air The mushroom-shaped stop- 
per IS essentially a rugged cap wduch cov'crs 
and protects the rubber bushing and a stem 
which actually provides the closure, fig- 
ure 206, Z A longitudinal channel cut mto 
the lm^*cr third of the stem serves as an ade- 
quate vent for the escape of air and steam 
during sterilization, figure 206, 1 A rush of 
steam through this channel, due to the 
sudden cbuUioon of vapor foUcnving faulty 
vcnCmg of a sterilizer, scr>TS to warn the 
alert operator that the solutions have been 
spoiled On. removal from the stenlizer, the 
stopper IS rocked mto the bushmg so that 
the solid portion of the stem forms a her- 
metic seal with the bushmg Prcapitanon 
of the wntcr \'apor and contraction of the 
fluid during cooling produces a high de gr ee 
of vacuum (at least 20 miiL Hg) which aids 
m mamtaimng the scaL The water hammer 
click which is obiamcd by jamng a scaled 
flask gives evidence that the contamer has 
been properly sterilized and sealed 
The fluid is dispensed from the onginal 
container by subsututmg the hard glass 
\'cnt tube for the steel stopper, figure 206, 3 
This tube comprises a pair of conccntnc 
glass lubes, the external diameter of which 
corresponds to the a pert ure m the bushmg 
so that It makes a watertight fit with the 
latter Two circumferential nbs or beads 
serve to posiuon the tube firmly m rclauon 
to the bushmg Fluid enters the annulus of 
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Ditntc and sodium chlorate in concentrated 
sulfunc aad The aad is nnsed from 
the porous disk by running distilled \vatcr 
through the filter m the r e v tj se direction 
until Ae rinsings arc neutral to litmus paper 
or until the conductivity of the rinsmgs 
approaches that of the onginal distilled 
\vatcr 

EQ.inPlIENT 

The equipment chosen for parenteral 
fluids should provide for easy sterilization, 
safe storage under hcnnetic seal, and ready 
administrauon from the ongmal container 
Such apparatus consists of a contamcr 
ivhich can be scaled hermetically by means 
of a rubber bushmg and stainless steel 
stopper The clcraenti of the seal arc assem 
bled prior to sterilization so that possible 
contaramaUon during scaling is avoided 
The contents of the flask can be infused by 
removing and FubsUtutmg for the stainless 
ftcel stopper a spcaol “vent tube,” The fluid 
leaves the inverted container by gravity 

OmiaineT 

The graduated container is mold blown ** 
of thick Pyroc glass m a shape designed to 
'viihstand the water hammer which results 
sshen fluids under high vacuum arc jarred 
Its Wide mouth and short neck facilitate 
cleansing The contour of the mouth and 
bp IS such that the rubber bushing is held 
securely m place, figure 206, 7 

The rubber bushmg u molded of non 
toioc, heat resistant rubber which retains its 
resiliency after repeated sterilization nnd 
docs not become tacky and sUck to either 
the contamcr or the stopper It is shaped to 
cling firmly to the mouth of the container 
The frustum of the bushing fits snugly 
against the mwardly tapering portion of the 

C. IN SimpUfM Apparatus far iHc Ad 
rf Parenteral Fluid 1MjI932- 

1936. 


neck of the contamcr to prevent the bushing 
from bemg pushed mward during scaling 
or from bemg drawn mto the flask as the 
vacuum is formed The clastic periphery of 
the skirt elmgs to the hp of the flask, holdmg 
the bushmg in position when the stopper is 
withdrawn or when the contamcr is inverted 
in the dispensing position 
The stopper is fabneated of a corrosion 
resistant, passivated stamlcss steel to with- 
stand the attack of salmc solutions, as vvoll 
as to resist tarnish from an atmosphere of 
steam or air The mushroom-shaped stop- 
per is essentially a rugged cap which covers 
and protects the rubber bushmg and a stem 
which actually provides the closure, fig- 
ure 206, 2 A longituchnal channel cut mto 
the Imvcr third of the stem scn’cs as an ade- 
quate v’cnt for the escape of air and steam 
during stcnlization, figure 206, 1 A rush of 
steam through this channel, due to the 
sudden cbuUiUon of vapor following faulty 
ventmg of a sterilizer, serves to warn the 
alert operator that the soluoons have been 
spoiled Oa removal from the sterilizer, the 
stopper is rocked mto the bushmg so that 
the solid portion of the item forms a her- 
metic seal with the bushmg Precipitation 
of the water vapor and contraction of the 
fluid dunng coolmg produces a high degree 
of vacuum (at least 20 mm Hg) which aids 
m mamtainmg the seal The wntcr hammer 
click which is obtained by jamng a sealed 
flask gives evidence that the contamcr has 
been properly sterilized and sealed 

The fluid IS dispensed from the ongmal 
contamcr by substituting tlic hard glass 
i-cnt tube for the steel stopper, figure 206 , 3 
This tube corapmes a pair of conccntnc 
glass tubes, the external diameter of which 
corresponds to the aperture in the bushing 
so that It makes a watertight fit w-ith the 
latter Twn circumfcrcnual nbs or beads 
serve to position the tube firmly in relation 
to the bushmg Fluid enters the annulus of 
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APPARATUS FOR PARENTERAL FLUID 



Dispensing 

3 

Figure 206 JVal/er ” 


tlie vent tube through a small onfice just vent when the negaUve pressure is too low to 

above the inner bead and leaves through the support the static head of the fluid in the 

tubmg nipple at the outer end of the vent flask 

tube, permitting free gravity flow from the 

inverted flask Air is metered mto the Rubber Tubing 

flask to overcome the mcrcasmg negative Rubber tubing suitable for use in paren- 
pressure caused by the escape of fluid teral therapy must have a smooth inner 

This is done by means of the inner tube surface free from pits, wrinkles, and mold 

^\hlch communicates mth the atmosphere marks, figure 207, 7, where blood and baclc- 
just below the outer bead and leads inwardly nal residues may lodge and make cleansing 
to a capillary onfice at the upper end of the difficult The surface of rubber exposed to 

\ ent tube Tins capillar^' is small enough to the fluid can be decreased markedly by 

prc\ ent tlic fluid leaking through the air sclcctmg a tubing of small inside diameter 
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(3 mm ) A lumen also facilitates the 
expulsion of air from the system, since fluid 
runs through it as a solid column rather 
than tncUing do^vn one side. Any nontoxic 
rubber can be used, but a rubber com 
pounded to insure maximum heat resistance 
is more economical Commercially avail 
able tubmg* \vill ^vlthstand 75 sterilizations 
before losmg its clastiaty or becoming 
tacky 

PRZPARATIOS OF INTRAVENOUS KITS 

The establishment of a source of chemi- 
cally pure parenteral fluids is futile unless 
an equally safe supply of apparatus for its 
administration is constantly available. Bac- 
terial growth m residual solution or blood 
in such equipment produces pyrogens which 
must be removed by adequate cleans- 
ing with pyrogen free water Chemical 
clemlmcss of the inner wall of the vent 
tubes, rubber tubing, observation tubes, 
and needles u essential for safe reacuonless 
infusions Blood clot m the hub of a needle, 
figure 207, 2, is frequently overlooked 

The cleansing of such apparatus must be 
done immediately prior to sterilization be- 
cause bacteria arc likely to grow in the 
moisture purposely left m the apparatus to 
insure itcnlization 

The rubber tubing is cleansed by slipping 
one end over the mppic of the automatic 
v.*ashcr, figure 205, 7, and flushing the 
lumen for one mmutc vMth detergent solu 
tion under pressure. Freshly distilled water 
IS then tncUcd through the tubing, figure 
203, J, for ten rainuics after the discharge 
tests neutral to litmus paper to remove the 
detergent and lca\ c the inner surface chcmi 
call) dean No attempt is made to dry the 
lumen of the tubmg An alternate technic 
Tequircs no spcaal equipment The tubing 

coupled >Mih glass connectors and boiled 

iUcalutfr lUckodJ Compaoy Fcmral Bfiod. 


SOURCES OF PYROGEN 




Fwurz 207 Hs}ur° 

for fifteen minutes while submerged m a 
0 5% solution of sodium hydroxide, or 
0 07*7, Haemoso! care bang taken not to 
insert the connectors as far as the onginal 
adaptor was inserted lest the glass protect 
dirt Alkali solution from a convenient reser- 
voir IS run through the tubing continually 
during the bodmg figure 205, 5 /\ficr the 
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CLEANING VENT TUBE 



CLEANING NEEDLE 



20S 


[ 


tubing Is cool, distilled v/atcr is run through 
it as desen bed. 

Needles are cleaased by reaming them 
with a snugly fitting slilcttc’^ and forcing 
hot detergent solution through the cannula, 
figure 208, 3 They are rinsed with distilled 
water and inspected critically, figure 113, 
not only for cleanliness and sharpness but 
also for v/eakness which might cause unex- 
pected breakage. Needles should not be 
sterilized with stilcttes in place because the 
electrolytic action set up between the 
stilette and the needle causes early corrosion 
and weakening Needles can be protected 
against accidental dulling during steriliza- 
tion by inserting them into an hourglass 
protector tube and plugging the ends with 
cotton, figure 113, 72. It is easy to remove 
the needles from these tubes without danger 
of contamination, figure 213, S. 

The small glass parts, vent tubes and 
observation tubes can be cleansed readily 
by sucking hot detergent solution through 
them. This can be done most easily in the 
case of the vent tubes by using a special 
holder which permits positioning of the 
tube, so that the capillary vent and the 
fiuid passage can be cleaused and rinsed 
separately, figure 208, 7, 2. 

The infusion apparatus is reassembled, 
figure 209, 7, 2, 3, v/iihout drying, and ar- 
ranged in a clean aluminum tray This tray 
is inserted into the sterilizing envelope, 
figure 209, 5, 0; the inner fiap is tucked 

beneath the pan, figure 209, 7, and the 
outer flap is securely tuid, figure 209, S 
The residual water inside the rubber tubing 
is vaporizfxi in the sterilizer and provides 
the moisture essential for sterilization It 
IS important to have the tubing moist be- 
cause It is difljfult to clear sufficient air 
from a length of dry coiled rubber tubing 
lo attain sterilizing conditions 

• Aijori'-d £)/<•£ irc nhtrk'-l'-A h/ nccdl' m-inufactunTJ 
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STEEULIZATION 

The kits are packed into a dressing steri- 
lizer so that the bottoms of the alummnm 
tra^*s are in a vertical position. This permits 
the steam to displace the air in the tray and 
results in rapid development of sterilizing 
temperatures. It is advantageous to sterilize 
them alone or with loosely ^^Tapped rubber 
goods because httle heat is required to bring 
the kits to sterilizing temperature. They 
should be sterilized for thirty minutes at 
121 °C exhaust line temperature 

After sterilization; the envelopes are dried 
by lea^ing the sterilizer door ajar for fifteen 
minutes -while the steam pressure is main- 
tained in the jacket of the sterilizer If the 
kits are stored ^^ith the tra%-s in\'erted, there 
is little danger of contamination fi*om dust 
and they can be kept until needed 

Expendable Tubing 

Plastic tubing, T}-gon S-22-1 2 8 mm 
id X 0 05 mm. ^\•ali thickness, may be 
used for the infusion of parenteral fluid 
The tubing can be used as it comes firom 
the manufacturer Arithout cleaning or treat- 
ment of any kind The lumen is rinsed with 
freshlv distilled water and the infusion set 
is assembled using vent tubes irith small 
nipples and needles ^\ith male hubs The 
glass adapter is unnecessar}’ because the 
tubing is transparent Just before the tubing 
is coiled into the aluminum tray, it should 
be stretched tautly to align the molecules 
so that the plastic ■^•."ill -srithstand heat. 
Sterilization is accomplished by thirt)* min- 
utes' exposure to saturated steam at 1 1 5 5°C 
The sets must stand for several da-^s foIlo\v- 
ina sterilization to permit the tubing to 
dehvdrate and regain its original elastidt}'. 

CHEl nCALS 

Althouzh the bnited States Pharmaco- 
Txxna does not soecifv dextrose suitable lor 
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intravenous use, U.S P. XII or C P. anhy- 
drous grades of chemicals are usually satis- 
factoiyx The acceptance of a particular lot 
of chemicals also depends upon the quantity 
of particulate matter contaminating it Ex- 
cessive dust dogs the filters qmckly and is 
endence of cardess handling prior to pack- 
aging Dust, dirt, debris, or dried insect 
parts indicate contamination of a degree 
hkdy to introduce foreign protems into the 
chemicals. Dirty chemicals must be rejected 
or purified by adsorption Transfer of chemi- 
cals must be done ^\•ith smtable implements 
The use of the hands, or dirty scoops, spat- 
ulae, or scale pans must be avoided Chemi- 
cals which touch the hands or drop upon 
the balance or table must be discarded 

Dextrose may contain amino acids and 
carbohydrate condensation products -which, 
^^•hen denatured by the heat of sterilization, 
appear as white, flocculent precipitates 
\'arious acid dehydration products of de.x- 
trose, formed by side reactions during its 
manufacture, may also be present These 
compounds are colorless but on aging de- 
grade to le%'ulinic acid, a brown compound. 
This conversion occurs rapidly in hot aque- 
ous solutions or on exposure to light and 
accounts for the yeIlo^\' color, often mis- 
taken for caramelization, developed during 
sterilization or storage of some de-xtrose 
solutions 

PREPAR.\TIOX OF SOLUTIOXS 

Bulk dilution and mass filtration of solu- 
tions are too mconvement for most hospi- 
tals The problems entailed m handling 
large quanunes of fluid can be avoided by 
a technic ^^hich also hunts potential spoilage 
firom improper mrdng. faulty filtration 
careless contamination or uncleanliness to 
indiwdual flasks Such technic is based 
UDon the flluanon of a relauvely small pro- 
pomon of the final soluuon m the form of a 
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concentrate- This concentrate is then diluted 
wth distilled water which contains no par* 
Uculatc matter when properly distilled and 
collected Pyrogens and other contarai- 
naling substances can easily be rcrao\Td by 
adsoqjUon on acti\'atcd charcoal “ or filtra- 
tion through an actisTited asbestos filter** 
In the a\*crage hospital, the concentrate is 
filtered most ad\*antageoiisIy mto a large 
^■olumclnc burette whence a suitable portion 
u measured mto a container and distilled 
water added until the proper dilution by 
weight IS made. Formulas for divers solu- 
tions arc listed abo\e 
Fi\'C per cent dextrose solution is prepared 
from a fresh stock solution made b> adding 
hot distilled water to 1000 gm of chcmi 
call) pure dextrose (prcMousl) weighed out 
m a counterbalance flask) untd a net 
w-cight of 2355 gm has been reached The 
flask IS stoppered with a dean rubber 
stopper and shaken until solution is com 
plctc One part actwated charcoal is added 
for each 250 parts of soluuon The flask is 
ih-Jccn again and heated to lOO^C. Pyrogens 
arc adsorbed on ilic charcoal which also dc- 
cdorucs and danfics Mter the charcoal 
reiilcs out, the clear supernatant fluid i$ 
fJlcrrd through fritted glass walh the aid of 
direct!) mto a P)Tcx burciic fig 


urc 210, 7 The filtrate should be cr)*3tal 
dear and colorless One hundred cc. of the 
filtrate arc measured, figure 210, J, into a 
previously counterbalanced, figure 210, 2 , 
P)TOC contamcr and disuUcd svatcr is added 
to a net weight of 1066 gro , figure 210, */ \ 
dean rubbCT bushmg is fitted mto the 
mouth of the flask, its skut is turned densn, 
figure 211, 5, and the channeled stem of the 
steel stopper is partiall) inserted into the 
bushmg, figure 211, 6 After stenlizauon, 
the stopper IS pushed do^\'n to complete the 
seal, figure 211, 7 

ffTKRILIZAnON OF SOLUTIOVS 

The stenlizauon of liquids presents a 
special problem for vn'cral reasons First, 
hcaung of the soluUons occurs b) contact 
between the cold container and the steam 
The size, shape, thickness, and heat conduc 
tmt> of the container influences the rate at 
which the soluUons axe heated to stcnlizing 
temperatures As was the ease with lasiru 
ments, air dcarancc from tlic stcnlizcr is 
important because retained air dccrca^ 
the hcaung cfixienc) of the steam mark 
cdl) figure 45 Second the bactmcidal 
action begins as soon as the liquid begins to 
heat ** and conunucs lliroughoul the sten 
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linng c>xle until the fluid has cooled again 
In thu respect, soluUons difTer inarl.cdly 
from dressing^ where heating occurs by con- 
'Tclion of stciin into the bundle and areas not 
touched b> steam arc »tjU cold Penetration, 
therefore, is not a problem in stcnlizauon 
of wluuons, instead, the total exposure to 
a the factor ^^hlch must be considered 
air is expelled from a container m 
^■hich there is hquid enough to fill it with 
*icam because the rapor preoure mndc the 
flamer is detenmned b> the temperature 
the liquid and hence, the c\aporation of 
the liquid can be relied upon to form suflV 
c»cnt steam to purge all the air Enough 
«cam IS produced b> 2 cc- of %>“itcT to 
P^c the air from a liter flask, figure 36 


?■ ? tVocm Tlw far Ciancd 

cod, 6^ Stfi Cn.^ \ ot. I Pt I lOZi 


Fourth, after the liquid has been heated to 
stcnluung )e\‘cl5 care must be taken to 
a\*oid rdimng the steam pressure m the 
chamber surroundmg the flask because 
the temperature of the liquid is I2I®C and 
a \'apor pressure of 1536 mm Hg is ncccs- 
sar> to prcixuit uoicnt cbuliiuon If the 
liquid IS allo^^■cd to cool, the \’apor pressure 
and temperature decrease simultaneously 
along the sTipor pressure curve for vvatcr 
and ebullition is prexented Fifth, there has 
been much discussion regarding the dcsira 
biiic> of exposmg solutions to heat for longer 
periods than necessary to effect stcnluaUon 
Some hare bciic\cd that small flasks should 
be exposed for shorter periods than large 
ones to avoid dcicnorauon or conccnira 
tion of the solutions Ntost <oluiions \shich 
can be stcnlizcd arc sufTiaenUj stable so 




STERILIZATION OF SOLUTIONS 
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that prolonged exposure does no harm and 
beeause coneentration of the solutions is a 
direct result of faulty operation of the 
sterilizer, it can occur just as readily after 
short sterilizing periods as after longer ones 
Care must be taken to adjust the pH to 
stabilize solutions of chemicals in which that 
factor determines stability toward heat 

The solutions discussed in this chapter 
can be sterilized by exposure to saturated 
steam at 121°C for thirty minutes, realizing 
full well that the curves for heating various 
quantities of solution may differ as indicated 
in figure 212 At the end of the sterilizing 
cycle, the steam supply to the sterilizer 
must be shut off and the sterilizer must be 
permitted to cool to 100°G, 0 gage pressure, 
iDcforc the door is opened 

pinxiiocLVsis 

When an infusion is ordered, it is neces- 
sary to obtain only an intravenous kit and 
a container of the appropriate solution 
The identity of the solution is always 
checked by reading the label, figure 213, 1 
7'hc sterility of the solution is tested by 
striking the steel stopper sharply, driving 


the flask suddenly away from its liquid con- 
tents, figure 213, 2 The liquid subsequently 
strikes the flask again, producing a metallic 
water-hammer click This phenomenon in- 
dicates the existence of a vacuum of at least 
250 mm Hg, assurance that tlic flask was 
heated sufficiently to drive off tlic air prior 
to scaling and tliat the hcrrhctic seal has 
not been broken The fluid is administered 
from the original container by removing 
the steel stopper by a spiral, rocking twist, 
figure 213, 3 An inrush of air as the channel 
m the stopper clcais the bushing is addi- 
tional evidence that tlic flask has not been 
opened following sterilization 

The outer flap of tlic sterilizing envelope 
IS loosened and the corners of the envelope 
arc grasped and pushed together to extrude 
tlic alummum tray fiom the envelope, 
figure 213, 4 This provides simultaneously 
a sterile field and a receptacle* to catch the 
liquid when the air is being expelled from 
the rubber tubing The vent tube is picked 
up by grasping the portion of rubber tubing 
stretched over iLs end and the tube is par- 
tially inserted into tlie i ubber bushing The 
container is tipped sufficiently to moisten 
the hole in the bushing, figure 213, 5, and 
the vent tube is wiggled into the hole m tlie 
rubber bushing, figure 213, 6, until tlic 
groove between the shoulders of the vent 
tube is seated in the rubber bushing, figure 
206, 3 To create sufficient negative pressure 
to prevent leakage through the an vent, 
tlic flask IS inverted and hung in the split- 
ring bracket so tliat the solution can run 
through the rubber tubing into tlic alumi- 
num pan before the needle is attached, 
figure 213, 7 

The needle is readily withdrawn from 
the hourglass sterilizing tube by removing 
the cotton plug and inserting the ground 
glass tip of the obscr\^ation tube into the 
hub of the needle, figure 213, 8 The needle 
can be attached fnmly enough to prevent 
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It dropping off or to a\‘oid contamination 

The rate of injection u predetermined 
wlhin limits b> holding the needle lov’d 
with the vein into which it is to be inserted 
and v’ar>'ing the pressure head by raismg or 
lo\s’cnng the flask, figure 213, 9 For all 
practical purposes, either a 19« or 21*gagc 
needle vn'iII prmndc an ample range of flo\v 
\NTien infusions arc to be given slowly, 24- 
or 26-gagc needles permit more accurate 
control Because the stream is movmg 
rapidly through the cannula, blood docs 
not dot m fine-bore needles If a tubing 
damp IS used to regulate the flow, it must 
be applied as near tiic needle as possible to 
prevent the devdopment of negauve pres- 
sure within the tubmg Death from air 
embolism has been observed during infusion 
Vkhcre air vs’as sucked into the tubing 
through perforations or cracks The infusion 
is no\s read) to start 

Because venipuncture is the cnucal part 
of a phlcbod)^, a dcscnpuoo of a standard 
technic IS included hfany uraes the infusion 
apparatus is blamed when bek of skill is 
the real cause of failure Blaming appara- 
tus is a poor excuse because cv cry piece of 
equipment should be thoroughly tested 
before it IS used on a pauent If the steps 
outlined m the preceding paragraph arc 
perfoiTOed rouundy, faulty apparatus pbys 
an msignificant role m failure An often for- 
gotten act of mere) is to be certam that the 
patient has an cmpi) bladder when paren 
tcral iherap) is begun A distended bbddcr 
causes restlessness, and dums) attempts to 
U'c tlic bedpan often disturb the intra- 
venous needle Adequate sphnimg of the 
n al‘o csscnunl A splint board long 
enough to extend from the tips of the fingen 
to !)cneath the shoulder of the paUent is 
desirable, figure 214 /O Shorter ones arc 
unless and those which arc applied so that 
the hand dingles helpless!) over the end arc 
3 torment to the pauent- The rubber tube 


which IS to be used for a tourniquet should 
be pbeed bctVN’ccn the arm and the splml 
board before the latter is lashed to the 
pauent’s vsnst 

The skin ovcrl)ing the antccubital fossa 
IS then disinfected and a vein is sdcctcd, 
dthcr because it is prominent or because its 
course can be palpated iccuratd) beneath 
the skin The rubber tubmg is folded on 
the observation tube, figure 214, 77, and the 
tubing IS squeezed against the glass bctv\ccn 
the thumb and forefinger of the nght hand, 
care being taken that the bcv'cl of the needle 
is uppermost, figure 214, 72 The skm of 
the arm is tensed vnth the left thumb to fix 
the v’cm firmly in position, figure 214, 73 
The Up of the needle is thrust through the 
skm at a point 1 era lateral to the vein, 
figure 214, 74 The skm and subcutaneous 
tissues arc then lifted b) the Up of the 
needle imuJ the latter overlies the van, 
figure 214, 75 The needle is then pushed 
mto the v\‘all of the van vMth a slov\ steady 
thrust. At ihu point, care must be taken not 
to release tension on the skm vnth the left 
thumb or the vTin u likcl) to slip awa) A 
sudden lack of resistance is rcadil) appre 
aated as the up of the needle enters the 
lumen and the cannula is inserted as far 
mto the v-cm os It will go, figure 214, 76 Tlic 
cannula of the needle is thrust all the vs’ay 
into the vein so that its length prevents 
ongulaUon of the needle ind penetration of 
the opposite VN-all Before the needle is re 
leased. It IS given a one-quarter turn so 
that the beveled end of the needle v\hich 
vsas mtroduced uppermost >m 11 face the 
lumen of the vein vs hen tlic skin, which has 
been lifted mcdiaJl) over the van is re- 
leased TTic rubber tubing is then pinched 
between the thumb and forefinger of the 
left liand the obicrvaijon tube is steadied 
and the rubber tubmg is jtrctched *ome- 
vshat to create negaiis-e pressure witlun its 
lumen figure 214 7o Blood can be a.s- 
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pirated into the observation tube to assure 
the operator that a successful venipuncture 
has been made. The obsen-^ation tubing is 
firmly attached to the patienfs skm ^\ith a 
small strip of adhesive tape, figure 214, 77. 
As an additional safeguard, the rubber 
tubing should be given a single turn about 
the A^Tlst- It seems superfluous to remark 
that the tourniquet must be removed before 
the infusion v.ill flo^v, nevertheless, this point 
is often forgotten 

hlore fluid than is contained in one flask 
may be given by substituting a second flask 
as the first one is emptied. This is done by 
clamping ofi" the rubber tube vdth a Hofi"- 
man clamp before remo\Tng the vent tube 
from the first flask. The vent tube is then 
inserted into the bushing of a fresh flask of 
solution, the container inverted and the 
Hoffman clamp remo\'ed 

After the infusion has been completed, a 
small gauze sponge is held gently over the 
skin puncture and the needle is ^^^thdra^vn. 
The patient presses on the sponge vith the 
elbow extended for at least five minutes 
until the hole in the vein has sealed off. 
This precaution pre\'ents extravasation of 
blood into the subcutaneous tissues wth the 
subsequent unsightly discoloration of the 
o\ erk.'ing skin. 

HYP ODERl I OCLYSIS 

T^^ o liters of isotonic solution may be in- 
troduced into the loose areolar subcutaneous 
tissues during the course of several hours 
There is little to be gained in forcing the 
floid into the tissues more rapidly than it is 
absorbed. The fluid is most conveniently 
infused into the loose areolar tissue along the 
antero-iateral asp>ects of the thighs. It may 
also be injected into the areolar tissue ovcr- 
l-dng the aluteal fold, that of the flanks or 
beneath the pectoral muscles. The appara- 
tus flaure 209. 2 for the infusion is prepared 
b> inserting the vent tube into the rubber 


bushing as described on page 292 The 
flask is inverted and the air is expelled from 
the tube. The skm just above the knee on 
the lateral aspect of the thigh is disinfected 
and a fold of it is pmched up between the 
thumb and forefinger, figure 215, 7. The 
sharp needle is thrust quickly into the are- 
olar tissue, figure 215, 2, which lies betiveen 
the subcutaneous tissues and the fascia over- 
l}Tng the quadriceps muscles The needle is 
thrust mto this tissue imtfl the hub strikes 
the skin. A strip of adhesive tape is then 
applied to anchor the hub to the skin, 
figure 215, d If the needle has been inserted 
properly, a symmetrical mound appears 
over the tip of the needle If the needle is 
too superficial, a wheal of flmd forms in the 
skin which then takes on the typical appear- 
ance of orange skin If the infusion is painful 
or runs slo\vly, the needle has probably 
been inserted through the fascia into the 
muscle. This fault must be corrected to 
avoid lameness when the patient be^ns to 
walk. Nursing care can do much to facih- 
tate absorption of the fluid and prevent dis- 
comfort. Too rapid or too great distention 
of the tissues is extremely painful and re- 
tards absorption The rate of flow must be 
regulated by raising or lowering the flask, 

RETURN OF APPARATUS TO THE CENTRAL 
SUPPLY ROOM 

The container is removed from the spht- 
nng bracket. The vent tube is removed 
from the bushing and the tubing assem- 
bly and flask are put into the aluminum 
pan along ^^ith the stainless steel stopper, 
extra needles, and the hourglass stenlizmg 
tube. The bushing is left in place in the 
flask to protect the lip against chippmg, 
figure 214, 78. The pan is then inserted 
longitudinally into the sterilizing envelope 
and returned to the central supply room. 
The long flap of the en% elope sen'es as a 
handle so that fi% e or six sets can be earned 
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conveniently in one hand without danger of 
loss or breakage 

Fluids for use at the operatmg table are 
conveniently made up and sterilized m two 
hter flasks similar to those described on 
page 283, These flasks can be covered with 
a paper flaskhood secured by a strmg or 
rubber band, figure 156, 3 In use, the 
strmg or rubber band is removed, the skirt 
of the flaskhood is flared out and it is 
grasped at the top and carefully taken off 
the neck of the flask This can be done 
readily without contaminating either the 
outside of the flask or the inside of the hood, 
figure 144, 7. The solution is then poured 
directly from the flask without discardmg 
the first few drops as is customary with other 
types of closures The flaskhood is carefully 
replaced and the remainmg flmd can be 
used agam Flaskhoods have several dis- 
advantages The flasks must be handled 
carefully to avoid drenchmg the hoods 
Flasks protected by hoods are contami- 
nated \vith air-bome bacteria foUowmg 
eight to ten days’ exposure to atmospheric 
conditions Shifts m temperature or baro- 
metric pressure cause the flasks to breathe 
sufficiently to carry bacteria mto them 
The contents of flasks which have been 
covered \vith hoods should not be consid- 
ered sterile after five days and should be dis- 
carded routmely after that time 

A more satisfactory closure is that illus- 
trated in figure 216 A heat resistant rubber 
collar, figure 216, 7, designed to hug the 
neck and lip of the flask is used to effect the 
closure betiveen the glass and a molded 
phenolic cap The collar is provided i\ath a 
bead, figure 216, 2, which makes a Ught 
seal with the inside of the cap so that the 
portion of the collar distal to it is sealed 
against contamination, figure 216, 4 . The 
flaring upper lip of the collar, figure 21 6, 2, 5, 
facilitates pounng solutions direcdy from 
the flask wthout danger of contamination 


by contact with parts of the collar which 
have not been sterilized and sealed against 
contammation 

The phenolic cap is a simple cup with a 
smooth inner surface except for a spline 
extendmg from the lip mward for a dis- 
tance of 1 cm , figure 216, 2 The spline 
underhes an arrow which has been molded 
m the outer edge of the cap to mdicate the 
position of the groove, figure 216, 6 When 
the cap IS forced down on the collar, the 
bead about the collar and the flaring hp 
seal tightly against the cap, forming a 
double vacuum seal, figure 216, 4 To re- 
move the cap, the vacuum m the annular 
space bet^^^een the bead and the hp must 
be relieved first, otherwise, few people are 
strong enough to remove the cap This is 
done by lifting the side of the cap mdicated 
by the arrow imtil the splme passes the 
bead, figure 216, 3 , breaking the vacuum 
m the annular space. The cap is then hfted 
further to break its seal with the flarmg hp. 
The design of the pourmg hp is such that 
the cap can be pushed downward on the 
collar to reseal the flask, figure 216, 6 The 
solutions are prepared as descnbed on 
page 288. The rubber collar is fitted to the 
flask and the phenohc cap is placed lightly 
on top of the collar, figure 216, 7 The 
solutions are sterilized for thirty mmutes 
at 121°C and after the sterilizer has cooled 
to 100°G the flasks are removed and the cap 
IS pressed dowmward firmly to effect a her- 
metic seal, figure 216, 8 When the flask 
cools, some of the water vapor condenses 
and a vacuum is created which maintains 
the seal mdefinitely 

Small quantities of solution — 50% dex- 
trose, distilled water for sterile dduent, 
salme, etc — are convenicndy sterilized in 
125 cc Erlenmeyer flasks and scaled with a 
diaphragm stopper, figure 217, 7 The 
stopper, with its skirt turned up, is lightly 
inserted in the mouth of the flask, fig- 
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ure 217, 2, and a flaskhocxi is applied to 
prevent displacement during sterilization, 
figure 217, 3 After sterilization, the skirt 
is turned do^\^l to complete the seal, 
figure 217, 4. Fluid is removed either by 
punctunng the diaphragm or remo\nng the 
stopper After the diaphragm has been 
pimctured, it can be punched out ^^■ith a 
sharp cork borer and the stopper becomes a 
bushmg that can be used to efiect a closure 
^^■lth a steel stopper, figure 206, 3. 

PROaAJXE mT)ROCHLORroE 

Solutions of procaine hydrochloride for 
local anestliesia must be isotonic to avoid 
damage to cells and tissue necrosis irith 
consequent postoperative induration For 
full anesthetic effeetd^ procaine must be 
alkaline as the acid solution has but shght 
action Alkaline solutions deteriorate so 
rapidly that they cannot be sterilized or 

S • Treatment of Dangerous Reactions to 
Xo\-ocaire, E J Mei , 219 841, 1938 

Gko', O, Ueber die Xarlonla und LoLalanas- 
thetdm A'zh j Pc'^ J P^-x : — ' 63 81, 1910 

’’GEJU-Oten, T D Influence of pH on Acunn of 
Certain Local Anesthetics as hfcasurod the Rabbits’ 
Co-nca Method, j Phrr-jx-zl <£’ Ext-^ Tha-., 41 507, 
1931 


stored Aad solutions, hoivever, ivithstand 
sterilization and can be stored indefi- 
nitely m hermetically sealed containers of 
hard glass. Procaine solutions should be 
ci^’stal clear and colorless The drug forms 
a Avhite flocculent precipitate or collects 
as oily droplets at the surface at a pH 
greater than 8. Straw-colored or brownish 
tints are due to degradation to para-amino- 
benzoic acid and diethylammoethanol 
Such solutions irritate tissues and have lost 
their maximum anesthetic effect. 

Although procame must be sterilized and 
stored in acid solution and administered as 
an alkaline solution, stable procaine solu- 
tions i\’ith full anesthetic effect can be pro- 
vided readily m ever)'^ operating room Two 
solutions are necessary’ A 1 % solution made 
isotonic ^^•ith sodium chloride serves as an 
ideal infil tration anesthetic, even though it 
has an acid pH, for the tissue fluids possess 

^’Barlow, O W, Winthrop Chemical Co, Inc. 
Personal communication, October 1, 1940 

Semou, S A. and Heui, E Decomposition of Cocaine 
Solutions upon Stcnltzauon and Storage, Pkamn Aris 
HrE, 10 31, 1955 Abstracted U S Waldbott m 
Ais'rcsis, loL 29, pt HI, p 8236, 1935 

^ IMnthrop Chemical Co , Inc. Rensselaer, Ncu AorL 
Personal communicauon 


[ 300 ] 



sufliacnl bufTcr to shift the reactions of the 
injected fluid to an alkaJinc pH Hence, 
ihc anesthetic proper!) is dc\'clopcd in the 
Usstica themselves Unfortunatel), large 
ncrv'cs do not contain xufliacnt tissue fluid 
to exert this bufler action and alk^inc 
novocainc must lx injected ” This can be 
done easily b) adding the alkali immcdi 
atcl) before injection just as many surgeons 
add epinephrine h>'drochlondc solution 
(I 50,000) to delay absorption of the ones- 
theue and to prolong its action three or 
more times ** 

Preparalion of Solutions of Procaim 
To avoid an alkaline pH at the solution 
glass mtcrficc, hard glass eontamers* must 
be used If these arc hermetically sealed, 
the novocainc can be stored indefinitely 
with but minor loss (2% dunng 8 )‘car5 “) 
The bottles must be thoroughly cleansed, 
rinsed with p)Togcn free disullcd water and 
inverted to dram dr) * 

The 1% solution (pH 2 9) is made by 
dissolving 10 grams of procaine h)‘dn> 
chkmde and 7 5 grims of C,P sodium 
chlonde m a liter of boiling hot freshly 
dmilled wnicr containing 0 I cc of 10 N 
h)‘droclilonc add v\ftcr solution is com 
picte, 50 cc quantities ire inmsfcrrcd to 
clean bottles If screw cap bottles arc used, 
the caps arc started on but not turned 
down tighil) figure 217, 5 Plistic caps of 
Beetle or Durez withstand stenlixalion, 

nsurcl22. 

The alLilmc solution is made b) dilutmg 
I cc of 10 N sodium h)‘droxidc to 100 cc 
v>ith frcshl) distilled v'atcr Tins solution is 
tramfcTTed into clean 20 cc scrum bottles 

* thTiiXATT, C tVrpjraiKMi of Loco) ^n'^^!brt^c ^olu 

1 ,*n 

R, S Vpplifd rKjrTTUCo.-<p of L4X^ Arxn- 
<-vJ 31 W n36 

CUa Worli, Rou3ui,~ CiU-'g 


With the aid of a i)Tingc and a 16-gigc 
needle. The bottles arc stoppered with 
rubber stoppers ind as much air is possible is 
aspirated from them tlirough a fine needle 
winch Is affixed to a 5 cc s)Tingc and in- 
serted through the stopper Evacuation of 
the air prevents the stoppers from bang 
blown out dunng stcnlizalion 

Stenlizaiion 

The bottles ire stcnlizcd b) exposure to 
saturated steam for thirt) minutes after 
the temperature in the exhaust line has 
reached 121®C After the stcnhzcr has 
cooled, the scrctv caps ire lightened, fig- 
ure 217, 5, hcrmcucall) scalmg tlic bottles. 

Use of Procaine Soluiions 

Potent solutions of procaine can be 
spoiled as ihc) arc being used b) the alkali 
leeched from the inside of the barrel of the 
s)T!ngc Rinsing the s)Tingc with stcnic sa- 
line or distilled water will prevent the de- 
gradation of file procaine 

For infiltration ancsihesn, the solution 
can be used as it comes from die bottle For 
nerve block, 1 5 cc of the 0 1 N sodium 
h)'drt)xidc ire aspirated from the vial widi 
a f)Tmgc and added to a full bottle (50 cc ) 
of procamc to render it alkahnc and develop 
its ancslhcuc properties 

For spinal anesthesia, the best solvent for 
procaine is the patients own spinal fluid 
which bufTcrs the drug before it is injected 
intralhccall) 

MORnilNT SUIXATT 

To liavc morphine av nibble for m^Linl 
injection It i< convenient to provide it m 
stcnic solution in rubber stoppoed vials 
whence it cm be quick!) wiUidrawn into 
a stcnic sMingc * 

Like procirnc morphine n unstable m 
ilkalmc solution accordmgl) it must lx 


[ 301 ] 



made up wuth hot, freshly distilled water 
and kept m hard glass containers Properly 
sterilized and sealed, morphine solutions 
can be stored for several months without 
appreciable loss of narcotic action Satis- 
factory formulae for solutions of morphine 
are 


Morphine hydrochlonde 0 10 gm 

Dilute hydrochloric acid, U S P 0 05 cc 

Distilled water to . 10 00 cc 

or 

Morphine hydrochloride 1 0 gm 

Para-chloro-meta-cresol 0 1 gm 

Distilled ivatcr to 1 00 0 cc 


The solutions are bottled m 20 cc hard glass 
serum bottles The bottles are stoppered 
with rubber serum stoppers, the residual air 
IS evacuated through a fine needle and steri- 
lized by exposure to saturated steam at 
121 °C for thirty mmutes 

One cc of either solution contains 
10 mgm of morphine hydrochlonde If 
sterile 1 5 cc syringes are provided with 
the botdes of solution, the danger of acci- 
dental overdosage is minimized 

Atropme sulfate cannot be preserved in 
solution because it detenorates rapidly 
WOiere a solution contaming both atropine 
and morphme is desired for pre-anesthesia 
medication, it may be prepared by the 
follo\Mng formula. 


Morphine HCl 0 10 gm 

Atropme sulfate . 0 06 gm 

Dilute HCl U S P . 0 05 cc 

Distilled v.atcr to 10 00 cc 


This solution is stenlized as desenbed but 
must be used ^vlthln t%venty-four hours 

ARSENICALS 

The preparation of the vanous arsenicals 
for intravenous injccrion requires sterile, 
p>TOgen-free distilled water and apparatus 
These essentials can be controlled as pre- 
wously described InstrucUons for the actual 
preparation of the solutions accompany 


every ampoule of arsenical and should be 
followed m detail 

SODIUM TETRAIODOPHENOLPHTHALEIN 

Alkaline solutions of this drug are rela- 
tively stable when protected agamst absorp- 
tion of carbon dioxide The drug precipi- 
tates from acid solutions Alkalme solutions 
are clear and purplish red 

A smtable solution for intravenous injec- 
tion IS prepared by dissolving 2 5 grams in 
28 cc of hot, freshly distilled water m a 
clean bottle Shaking or cooling hastens 
the absorption of carbon dioxide and must 
be avoided The screw cap is put on loosely 
and the bottle is sterilized immediately as 
desenbed for procame Sterile, hermetically 
sealed solutions can be stored indefinitely 
Bottles containmg sodium tetraiodophenol- 
phthalem should not be shaken prior to use 
as this stirs up the sediment, which settles 
out of unfiltered solutions as they cool 
Solutions in which a gross precipitate 
appears should be discarded 

WATER STERILIZERS 

Hospitals are equipped with large tanks 
m which water can be sterilized and rou- 
tines for the operation of such sterilizers 
have been elaborated because the idea that 
water is difficult to sterilize has become en- 
trenched m surgical thought The contrary 
IS true Water contains but few spores and 
those are wet Penetration is not a problem 
as with dry goods There is no problem of 
air clearance Yet, most hospitals spend 
much more money on water sterilizers than 
they do for equipment for the sterilization 
of instruments or dry goods Those who 
recognize that water is easy to sterilize 
condone the expenditure for water steri- 
lizers on the grounds that the sterilizers 
provide for safe storage of sterile water, 
overlooking the fact that there is no practi- 
cable way of guarding the sterilizers against 
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contamination and that the \vatcr is likely 
to be contaminated when it is drawn off 

Those who believe m providing a physio- 
logical environment for wound healing 
recognize instantly that sterile tap ^vater 
cannot be used as ideal imgatmg fluid 
EN'cn “normal salme” solution has been 
iho\m to exert a poisonous action on tissues 
and only soluuons such as those advocated 
by Cushmg and Ringer should be used m 
the operating room. These entail the use of 
distilled water as a diluent for the necessary 
electrolytes essential to an isotonic solution 
Isotonic solutions are most easily bottled, 
sterilized, stored, and dispensed as described 
previously 

Where water sterilizers arc used, the 
followmg limitations must be considered 
No positive \vtLy has been devised to sterilize 
the draw-off faucet where dry spores arc 
likely to be deposited or to guard its 
stenhty against insect or contact contamma 
tion imtU the entire contents of the storage 
tank have been used Then, too, a reliable 
method for removing bacteria from the air 
which must be admitted to the sterilizer as 
water is drawn off has not been found 
Water stcnlizcn are fitted with vents, fig 
urc 218, so that air can be discharged during 
fiUmg and sterilization Usually a therrao- 
rcsponsi\*c v'alv'c is pnmdcd to close the 
tank so that steam pressure can be developed 
during sterilization As the tank cools, this 
\al\-c opens so that air can rush m to over- 
come the negative pressure caused b> 
drawing off water As this air rushes m, it 
mcMlably cames with it air borne bactena 
to contaminate the contents of the tank ” 
became the vanous filtering or scrubbing 
devices arc not effective 
^Vnoihcr problem m the wntcr stcnlizcr 
u that of stcnlizing the inside of the gage 
glass Older stcnlizcn arc fitted v\ith con 

itootj L. W ind ilrrarrix, R- D Urniimfor 
WatfT Sterflucri. Pcnoml comouaicaaon, I93S 
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vtmuonal side arm gage glas«s, illustrated 
m figure 219, 7, where the fluid in the glass 
docs not circulate and hence remains cool 
and IS not sterilized Stcnlization is provided 
for by a routine of openmg the valve at the 
lop of the gage glass and dosing that at 
the bottom 80 that the unstcnlc water can 
be drained from the pctcock in the bottom 
fitung to permit steam to blow through 
during stcnlizauon WTnIc this technic pro- 
vides for stcnlizauon of the gage glass it is 
often neglected in practice 
Some water sterilizers arc fitted v\iih 
vMiicr Icvd gages of the dial t>*pc fig 
urc 219 2 in which the v\-aght of the v\*aicr 
m the tank actuates a diaphragm to indicate 
the degree of filling This ij'pc offers no 
problem m stcnlizauon 
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made up with hot, freshly distilled water 
and kept in hard glass containers. Properly 
stenljzed and sealed, morphine solutions 
can ho- stored for several months without 
appreciable loss of narcotic action Satis- 
factory formulae for solutions of morphine 
arc 

Morphine liydrochlonde , . , 0,10 gm 

Dilute hydrochloric acid, U S P 0 05 cc 

Distilled water to , , , , , 10,00 <x 

or 

Morphine hydrochloride , 1 0 gm 

Para-cl)loro-meta-crc.'ol . , 0 1 gm 

Distilled water to , 100,0 cc, 

7'hc solutions arc bottled in 20 cc hard glass 
serum bottles The bottles arc stoppered 
v/ith rubber scrum stoppers, the residual air 
IS evacuated through a fine needle and steri- 
lized by exposure to saturated steam at 
121'^C for thirty minutes 
One cc, of cither solution contains 
10 mgm, of morphine hydrochloride. If 
sterile 1,5 fc syringes arc provided with 
the bottles of solution, the danger of acci- 
dental overdosage is minimized 

Atropine sulfate cannot be preserved in 
solution because it deteriorates rapidly. 
Where a solution containing both atropine 
and morphine is desired for prc-anesthcsia 
mixlication, it may be prepared by the 
following formula: 


,Morpiiine HCJ , 0 10 gm 

Atropin' Mjlfatc , , 0 06 gm 

Dilute HCI U S P. 0 05 cc 

DiOilled V, it' r to 10 00 cc 


This solution is sterilized as described but 
mu^^t be used within twenty-four hours 

AICSI MGAIA 

The preparation of the various arsenicals 
for intravenous injection requires sterile, 
pyrogen-free di''tillcd water and apparatas 
'J ha e e^'Cntcjls tan be controlled as pre- 
viou'^ly de^^nhed Instructions for the actual 
preparation of the solutions aecompony 


every ampoule of arsenical and should be 
followed in detail, 

SODIUM TETRAIODOPHENOLPHTHALEIN 

Alkaline solutions of this drug arc rela- 
tively stable when protected against absorp- 
tion of carbon dioxide The drug precipi- 
tates from acid solutions. Alkaline solutions 
arc clear and purplish red, 

A suitable solution for intravenous inj'ec- 
tion is prepared by dissolving 2,5 grams in 
28 cc, of hot, freshly distilled water in a 
clean bottle Shaking or cooling hastens 
the absorption of carbon dioxide and must 
be avoided. The screw cap is put on loosely 
and the bottle is sterilized immediately as 
described for procaine Sterile, hermetically 
scaled solutions can be stored indefinitely 
Bottles containing sodium tetraiodophcnol- 
phthalein should not be shaken prior to asc 
as this stirs up the sediment, which settles 
out of unfiltercd solutioas as they cool 
Solutions in which a gross precipitate 
appears should be disearded. 

WATER STERILIZERS 

Hospitals are equipped with large tanks 
in which water can be sterilized and rou- 
tines for the operation of such sterilizers 
have been elaborated because the idea that 
water is difficult to sterilize has become en- 
trenched in surgical thought The contrary 
is true Water contains but few spores and 
those are wet Penetration is not a problem 
as with dry goods There is no problem of 
air clearance Yet, most hospitals spend 
much more money on water sterilizers than 
they do for equipment for the sterilization 
of instruments or dry goods Those who 
recognize that water is easy to stcrilr/c 
condone the expenditure for water steri- 
lizers on the grounds that the sterilizers 
provide for safe storage of sterile water, 
overlooking the far t that there is no praeti- 
eablc way of guarding the sterilizers against 
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contaminatJon and that the \s’atcr is likely 
to be contaminated when it is drawTi off 
Those w ho bcJic%’C m providing a physio- 
logical environment for w’ound healing 
recognize instantly that stcnlc tap w'atcr 
cannot be used as ideal imgatmg fluid 
Ev^n “normal salmc ’ soluuon has been 
iho\s’n to exert a poisonous acUon on tissues 
and only soluUons such as those advocated 
by Cushing and Rmger should be used in 
the operating room. These entail the use of 
distilled w’atcr as a diluent for the necessary 
electrolytes essential to an isotonic solution 
Isotonic solutions arc most easily bottled, 
stcnlizcd, stored, and dispicnscd as described 
previously 

^Vhcrc water sterilizers arc used, the 
following limitations must be considered 
No positive way has been devised to sterilize 
the draw -off faucet where dr> spores arc 
dy to be deposited or to guard its 
ility against insect or contact contarama 
1 until the entire contents of the storage 
ik have been used Then, too, a reliable 
ihod for removing bacteria from the air 
ich must be admitted to the sterilizer as 
ter IS drawn off has not been found 
Iter sterilizers arc fitted with vents, fig- 
i 218, so that air can be discharged dunng 
mg and sterilization Usually a thermo- 
ponsiv'c vulvc IS provided to dose the 
ik so that steam pressure can be developed 
nng stcnlizauon As the tank cools, this 
Ivc opens so that air can rush in to over 
me the negauve pressure caused b> 
msing off water As tins air rushes m, it 
Mtabl) cames with it air borne bactena 
contaminate the contents of the tank ” 
cause the vnnous filtering or scrubbing 
Mccs arc not ciTcctivc 
Another problem m the wuicr slcnltzcr 
that of sterilizing the inside of the gage 
Older stcnhzers arc fitted with con 

ifootj n. V\ lod Mnatru-. R. D Air nitcn fijr 
*T’QltV*tcT StfTiUzm. Pmorul comnnmlcjuoa, 193S. 
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vcnUonal side arm gigc glasses illustritcd 
in figure 219, where the fluid in the gbss 
docs not CTrculitc and hence remains cool 
and IS not sterilized Stcnlizauon ls provided 
for b> a routine of opening the vulvc it the 
top of the gage glass and dosing tint at 
the bottom so that the unstcnlc witcr can 
be drained from the pctcock in the bottom 
fitting to permit steam to blow through 
dunng stcnlizauon Wliilc this technic pro- 
vides for stcnlizauon of the gage glass it is 
often neglected m practice. 

Some VNiitcr itcnlizcrs arc fitted vsidi 
v\ater level gages of the dnl tvpc, fig- 
ure 219 2 m vshich the weight of the water 
in the lank actuitcs a dnpliragm to inchcitc 
the degree of filling Tins ijtx: ofTcrs no 
problem m stcnlizauon 
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STERILIZING GAGE GLASS 




Figure 219 



Anotiier type of construction pro\udes 
for positive circulation of the ivater through 
the gage glass much as the coffee in a perco- 
lator is carried from the heatmg coil in the 
bottom of the pot and percolated over the 
top of the coffee above Figure 219, 3, 
illustrates a percolatmg tube ivhich carries 
the hot ^vater from the neighborhood of the 
heating coils to the top of the gage glass 
hence it circulates dowmward and back 
into the tank. This deiace is automatic and 
proiades sterilization routinely. 

Figure 219, 4. illustrates a design which 
simultaneously pro\ades for stenhzation of 
the gage glass and ventmg of the tank 
through a i\ater trap in the endeavor to 
filter bacteria out of the inrushmg air 
ishen water is draun In this t^'pe, air and 


steam are discharged through a tube lo- 
cated m the center of the gage glass When 
the air has been completely discharged, the 
thermal element closes and steam inside the 
tube heats the water surrounding it to 
sterilize the gage glass Simultaneously, the 
water trap is sterilized and filled ivith dis- 
tilled water. After the ivater tank has cooled, 
the thermal element opens and air can be 
drawn through the water trap, which con- 
tains porcelam beads to break up the air 
into small bubbles until the idea that dust 
and bacteria are removed Dry bactcna 
nde the bubbles through such a trap, how- 
ever ^ 

Some of the problems considered under 
samtar)’^ plumbing in Chapters VI and VII 
also affect water sterilizers Leakage of 
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SOUHCCt or tOMTAlOKATlON M WATCn StlRturat 


nus Nv-atcr post faulty \ alvcs u a source of 
potcnual contamination unless the sten 
lizcr u designed to prevent such an occur 
fence. In figure 220, /, leakage insufBacnt 
to support a head of \vatcr in the inlet pipe 
u led duTctl) from the \al\-c to the drain 
through a by pass In figure 220, 2, a h) 
pass u provided on the top of the filter which 
effectively takes care of leakage prosnded 
the tank sTilvc is tightly clo^ In fig 
tire 220, 3, leakage is conducted to the 
dnun through a b) pass from the bottom of 
the filter so that a leak obs lous through the 
"indovN in the filter would hi\c to occur to 
cause pwlluUon Figure 221 shOT\i anotlicr 
in uhich raw water and c^•cn water 
the dram ma> contaminate a sterile 
The illustration indicates sterile water 
la lank A and tank B bemg filled with tap 





PROTECTED WASTE 



Fxgup-e 222 

’.vater through a common filter^ Because a coil through which tap water is circulated 
yal /e A leaks slightly- rav/ ^vate^ is forced to cool the hot, freshly sterilized water so 

into the sterile tank- Even if both tanks that it can be used promptly. This coil may 

have been sterilized, this accident is likely develop a leak and contaminate the sterile 

to happen Vt^hcn the "waste valve has not v/ater during the cooling cycle, 

been opened to care for any leakage past the Much effort has been expended in devel- 
water control valve. In some installations, it oping methods for filtering the water before 

Is e%^en posdble for negative pressure in the it is introduced into the water sterilizers, 

v.ater tank to aspirate air or v/ater through These filters are intended to remove par- 

an op-m v/a^te valve that is connected ticulate matter only and do not remove 

directly to the drain Open funnels must be chemicals v/hich arc dissolved in the water 

prodded to protect v/ater sterilizers against as is often assumed Older sterilizeis arc 

contamination from the drain, figure 222 fitted with porous porcelain filters These 

Many sterilizers v.ith direct connecUons are unsatiffactory because they crack fre- 

v.ith the drain are -=011 in use and consu- quenUy, particularly when ](^y valves, 

tute a gra- e hazard figure 221, permit steam to contact the 

\Vater sterilizers present a hidden dan- stone Now, more satisfactory filters of 
ger that is seldom '■u'-pected v/hen unsterile cotton cord or compressed fiber arc avail- 

v.ater IS found Each tank n equipped v.ith able .Some installaUons arc unsatisfactory 
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because no provision has been made for the 
stcnliration of the filters and pyrogenic 
organisms grow m the moist filter and 
pollute the ^vatcr Others provide for flush- 
ing the filter m a r e v erse direction wth 
steam each tune the water is sterilized so 
that this type of pollution is eliminated 
Because there arc many types of ^vatc^ 
itcnlizcrs m common use, it is impossible 
to gu.'c any more than general mstructions 
for sterilizing the water Little more is 
needed than simply heating the water to 
boiling to effectively stcnllzc the fluid itself 
Steam under pressure, ho^vcvc^, must be 
da*clopcd in those \shich depend upon 
steam for the sterilization of the gage glass 
hlany is’atcr sterilizers arc fitted ivith a 
condenser so that steam can be taken from 
the top of the Nvatcr tank and condensed to 
form distilled water This type of distilled 
's’atcr IS unsatisfactory for intravenous use 
because the distillation is too crude to 
diininatc pyrog en s, unless the water m the 


tanks IS heated for thirt> minutes at 140®C 
before the steam is draism off * 

Water sterilizers present a grave person 
nel problem Attendants arc seldom versed 
in proper operation and often fail to recog- 
nize faulty function or poor maintenance. 
The stcnlizcra are a constant mvntation to 
idle bystanders to play with the numerous 
valves. Hence, sterility of the water can only 
be relied upon when sudkicntly close super- 
vision IS enforced to control the margmal 
help hospitals must employ In summary, 
then, water sterilizers arc deaded luxuncs 
that contnbutc little to aseptic technic 

Recent attempts ** to perfect the applica 
tion of ultraviolet radiation for the disinfec- 
tion of water seem promismg The equip- 
ment is relatively mcxpcnsivc and many of 
the limitations of the water sterilizer dis- 
cussed arc overcome. 

**Lwji,fan, M. axid Hcu^ay L U Duinfeoifi; 
Water by Meam U Germiddal LASpi, Grand Elntnc 
Arvtr 47145-50 ApEfil, JM4 
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CHAPTER XVn 


BLOOD AND PLASMA FACILITIES 


Blanched by profuse haemorrhage, which no adequate means had been employed to suppress, but which had now 
ceased, she was lying on her back in a state of imperfect consciousness, with the pulse at her wrist barely perceptible 
deceitful promises of reaction were succeeded by progressive indications of sinking I was provided with 
the apparatus necessary for performing transfusion, and having obtained willing supply of blood from three of the 
patient's kind-hearted neighbors, I opened a vein at the bend of the elbow we had the very perfect gratifica- 
tion of witnessing not only the complete restoration of the circulatory power, but the return of consciousness 

— Richard Oliver, 1840^ 


The widespread use of blood and its 
derivatives as therapeutie agents is an out- 
standing contribution of World War II to 
the better care of medical and surgical 
patients In a few short months, the concept 
of assisting homeostasis has been dissemi- 
nated throughout the profession Technies 
for supplying adequate amounts of blood 
and plasma have been elaborated and most 
important of all, the general public has 
been so well educated to the idea of donating 
blood that the Amciican Red Cross col- 
lected 100,000 bottles of blood each week 
from voluntary donors The whole move- 
ment has been so rapid and complete that 
It is almost impossible for a hospital to pro- 
vide modem care without the advantage of 
stores of blood and plasma The technical 
aspects of processing the blood arc simple 
and straightforward and no longer require 
elaborate equipment The procurement of 
donors, however, is a challenge in public 

» Olutr, RjciiAun Case of Dangerous Uterine 
Hemorrhage in Which Transfusion Was Successfully 
Employed with Some Observations on the More Frequent 
Expediency of Tint Operation, rJmhurRh Med Cf Sutg 
J, 54 406-411, 1840, Oliver and Boyd 


relations and requires careful planning and 
organization m order to mamtain a steady 
supply of blood from good neighbors in tlic 
community In a hospital where tlic staff 
IS tuned to obtaining a high percentage of 
autopsies, the public relations arc such that 
there is usually no difficulty in obtaining 
more donors than arc necessary. 

Because a steady supply of blood is more 
advantageous than bursts of donors which 
overwhelm tlic technicians in a blood bank, 
it IS best to arrange for donors on an indi- 
vidual basis rather than attempt to solicit 
large groups The most satisfactory results 
can be obtained by establishing tlic custom 
of expecting every patient admitted to the 
hospital to suggest the names of two rela- 
tives or friends who arc willing to donate 
blood. The response is usually gratifying but 
It ha? been found that the number of donors 
who actually appear foi phlebotomy is dis- 
appoinUng unless liaison is maintained witli 
the prospective donor The appointment 
card shown in figure 223, 7, has proved 
.satisfactory On tlic reverse side of the card, 
figure 223, 2, the donor is given instructions 
which result in blood which contains a 


[ 308 ] 



FORMS FOR BLOOD BANK 


I APPOtKTKIHT CAtO 

I 

nOOO DOHATION 

rrm hmt ttJcruM KosmAi. »oncM 


6 

BLOOD BANK 

pnni lEHT IWCHAM H05«TA1 


OfCcM 



OMw trtfhMi HmM 

3 nOCD KAJCE 


CVb b b ndctr 


4 


Tiu m far r*«r rmUurrt 

I DRlZSINOi Kart ttM far ZiW«na*Jkarftl4r7 
Z. DfETi A »an>sl KM »Ui mml $m4 rrnUWa la 
al n aaU. 

BfarW faW ara aaai f iMtfy ^ art* r*« **1 (* **^ 
«W wi (tra rai far *•* Aalf War afur trariaf 
IW BaW Baak. 

X SMOKTtCi Da wt aaaaW ntD after ta« Wra aatrm. 
4. ACnTTTTs B<a«»a r«ar Maal arOrtUra laaatHltlaV 
Ta« mr frat aaterakat DraK ar ilaatr ta^arr f 
AraU aTar^aotlM far U Wan. 

L TW Ala Wat tW aaaKb t«>rlara aaar Wraaaa Ate- 
fi l aaiA TAla la Km la fW haWta af Iva ar tJtraa Krat* 
at UaaK fraaa Ua yaatlaril rata, h b aat KuytraM 
aW dhattaara ataalaaraaify la aartral dark 
A. Taa arin taaatea a daMr^ UaattfteaUaa card hr ud 
la ia a dl ai jaaa naWAatJaa aad (W tjt* *f f** Ibid 
r AaalW dMiftm ad Uaad mt W uda aftrr laa 
MdW. 

Taar Uaad te aa ImtaAaal nstrlWda* I tW vatfara af 
tW tamBaabr aan td bf (W Pater Bral BricWa naaUuL 
Btaail^ far tWte *Waa Itaa It *4 Mra. I wtek U n 
fataa V7 baraa a ^ yn dafl aa far taar ea a t araliaa. 

K JL WIUIXLU. »tO. 

lattflateadrat 


ILOOO MNOU KlQSnLATtOU OJtO 


mn IfKT IU«UM HOIATTU 


OKIMIHI HOSMTAl 



*WdCnaj 0 D 

O 


At Srrteaa tKamT ,-■ . ,, CaafW r> — 

mataa la IW Lm* MaaaT. W»rta«ia af WaalAr „ . -- 

IrWlIbT ilaaadteaZ -■ „ _ 

balarUT .. laaH^ af IW Paat _ 

TalimlidiT _ _ falat^ WafbT -■ - - 

A Ptrateteal Ca«ib CaaraWiaa — - 

Pali ta IW CWal ____ _ _ _ WWa fU raa Wt daaate Uaad? 

KrtearW _ _ _ „ ___ ___ _ --- - ■ — 

I Wrabr raaarat ta d» aliUnaa) af ter tlaaf ai dMaQaa U CW Daad Kaak af IW Pater &n4 
■rteWte UaatOal aad CWUra 

— 


AQ Bflt AB □ mataa — aa(^ fM- □ RH -tte^ H 


o o 


o 


KAVl YOU KAtV 



minimum of lipoids If the appomtment for 
phlebotomy is delayed for more than a 
week, a follow-up postcard is worth while 
as a remmder Such a card should also bear 
the mstructions essential to havmg the donor 
m suitable condition for phlebotomy. 

It IS best to organize regular clmics where 
15 or 20 donors are bled m the course 
of several hours The chief factor m the 
success of these chnics is to take the donors 
the mstant they arrive and process them m a 
businesslike manner immediately Delays 
not only waste the donor’s time and make 
lum reluctant to return but the psychic 
trauma of waiting around results m un- 
happy reactions Once asked for blood, 
some donors do not like to postpone their 
donation but wnsh to give immediately It 
is best to accommodate such mdividuals 
Roughly half of the donors serviced at the 
Peter Bent Brigham Hospital blood bank 
are handled on this basis 

The first step in proeessmg a donor is to 
obtam vital information for identification 
and the determination of his suitability as a 
donor A satisfactory form is illustrated, 
figure 223, 4 The obverse side provides 
space for comments by the phlebotomist 
and most important of all, a space mdicatmg 
whetlier or not the donor wishes his name 
filed m the aetive donor list By routmely 
askmg this question, it is very easy to build 
up a large list of donors who willmgly 
respond when the usual channels for ob- 
taining donors are momentarily unsuccess- 
ful There is also a space for laboratory data 
on this side of the card These data are re- 
corded by punchmg out the appropriate 
squares ivntli a punch bearing the techni- 
cian’s initials The record is permanent and 
is not effaced readily by accident, or dis- 
honestiy changed to cover a careless cross- 
matching \shich has resulted in an unfor- 
tunate transfusion reaction The holes near 
the edge of the card prowde for ready 


selection of donors of various types. The 
appropriate hole is converted to a notch by 
punchmg out the edge of the card When a 
group B donor is wanted, for example, a 
knitting needle is simply inserted through 
the B hole and the stack of cards is shaken 
gentiy Because the B cards have a notch m 
place of the hole, they fall out of the stack 
and are mstantiy available The reverse 
side, figure 223, 5, of the card presents the 
medical data necessary for the proper se- 
lection of donors 

Criteria winch have proved satisfactory 
for the selection of donors are those elabo- 
rated by the American Red Cross Blood 
Donor Service ^ (See page 311 ) 

Followmg phlebotomy, the patient should 
be given specific mstructions for the care of 
the phlebotomy wound, diet, exercise, and 
the hke, figure 223, 6 It is best to have these 
instructions printed to preserve uniformity 
and to militate agamst the building up 
of elaborate folklore concemmg aftercare 
which causes rumor and frightens prospec- 
tive donors away A card, thankmg the 
donor for his blood and notifymg him of 
his blood group, should be mailed as a 
gracious gesture, figure 223, 3 This card 
often results m return appomtments 

The choice of the equipment and technic 
for the proeessmg of the whole blood and 
plasma should be decided on the basis of 
local need and resources rather than sales 
arguments extollmg supposed technical ad- 
vantages Any of the accepted equipment 
yields good results only if sound bacterio- 
logic technic is rigidly enforced Spoilage of 
blood and contammation are rare in a blood 
laboratory where a single person is held 
responsible for all aspects of the technic 

Most hospitals can advantageously install 
the techmc described here because any 

- Taylor, E S Procurement of Blood for the Armed 
Forces, J A Af^ , 120 119-123, 1942 


[3)0] 



CRITERIA FOR SELECTION OF BLOOD DONORS 


AOE 

SEX 

\>uoirT 

PHrOVAKCY 

tzmperaturb 

ilESilOOLOISlN 

BUJOD rREJJURj: 

nruE 

niKns A5D 
fUKOERV 


ItBTORV 


Donon between the age* of 18 and 59 arc acceptable Those 18 throtigh 21 must 
have the written permisswDn of a parent or legal guardian If married permission 
of the mate u desirable. 

Both sexes arc taken mdiscnmiiiatcly 

Those weighing less than 110 pounds should be rejected If a 500 cc. donatwn 
Is desired It Is usually uneconomical to perform phlebotomy \Mth the expecta 
tion of taking less than 500 cc. 

Do not perform phlebotomy during pregnancy or for nine months after an) t>pc 
of termination. 

The oral temperature must be below 99 6*F 

Hemoglobm must be abo%’c 12 3 grams by the copper sulfate specific graxit) 
method * 

Donors arc accepted with s>TtoHc blood pressures lying betivcen 1 00 and 200 mm 
of mercury The diastolic pressure, read In the second phase, must be below 
100 

Those with bradycardia under 50 or tach>*cardia over 100 or any t>’pc of irregu 
lanty arc rejected 

The patient ■ physidan is consulted in each instance to awld professional cnti 
asm as \s’ell as to obtain confidential contraindications \v'hich arc unknown to 
the patient. Serious illness usually unfits the patient for blood donation for she 
months. Minor surgical procedures, such as tooth extraction or tonaillectom) , 
are contraindications unul the operative site has healed because bacteremb is 
likely to exist Recent vacanatlon or unmunlzauon does not disquahiy the 
prospective donor 

A positive answer to any of the symptoms indicating epDepS), heart disease, 
diabetes, syphllii, undulant fever, malana, or tuberculous is cause for routine 
rejection. Those who havr had jaundice at any time or \\ho have been exposed 
to patients with infectiotis jaundice arc rejected Donon have bad virus 
infection, such as dengue or yellow fever and virus pneumonia, should not be 
accepted until six months have elapsed 

Ticlcr' 


hospital where major surgery is done usually 
has the necessary equipment and sufTiacntly 
intclhgcnt personnel to av’ail Jtsclf of the 
^‘^onoray of proecssmg blood for a total cost 
approximating S2 45 per unit The pnnci 
pJes of clcansmg and itcnlizaiion of appara 
his and preparation of the essential solutioru 
have already been outlined m Chapter 
X\T 

^'mun.oc TratMc — cRAVTn stmioD 

The outstanding advantage of the cen 
^ogc icchruc is the preparauon of plasma 

(: 


which IS diluted b) minimal amounts of 
sodium atratc and dextrose solutions. 

The collection of blood is most satis- 
factonly performed with a simple gravity 
collecting set depending upon vmous pres- 
furc and gravity to secure an ample flow of 
blood 

Malmals Rtqmtd 

1 An anticoagulant and preserving solu 

•Piruim, R. Vah'ilyxe D D IVLftiiiuJT 
Ripen on l)>^ C o pp’ r VIcUKirl dl Ilnso^Ujia 

Dnermuuiioii, /? t J 4 Mii "IiW> D-errru^ 
IWJ 

I] 



lion containing the following chemicals is 
prepared. '' 

Tnsodium Citrate NajCcHtOr 2 H 5 O 1,33% 
Citric Acid CoHdOt H 2 O 0,47% 

Dextrose CeHnOe , 3 00% 

This “ACD” solution is easily made by 
putting the following components into a 
counterbalanced 2,5 liter flask 

Sodium Citrate (Dihydride) , , 26 66 Cm 

Citric Acid (Monohydride) 9 40 Cm 

Dextrose (Anhydrous) , 60 00 Cm 

Freshly distilled water is added to a net 
weight of 2030 grams. This solution is fil- 
tered through a sintered glass filler into a 
large burette, whence 125 cc, quantities arc 
measured into clean 650 cc centrifuge 
bottles The bottles are stoppered and 
sterilized for thirty minutes at an exhaust 
line temperature of 121°C When hermeti- 
cally sealed, the solution can be stored in- 
definitely One-half liter of blood can be 
preserved for twenty-one days in ACD 
.solution with a loss of function of but 20% 
of tiic erythrocytes ^ 

2 A container for filtering whole blood 
prior to administration is prepared by put- 
ting one cc. of distilled water into a clean 650 
cc bottle The water furnishes the steam 
essential for sterilization After exposure 
to saturated steam at 121°C for thirty 
minutes, the bottle Ls sealed and stored 
until used 

3 A four-liter pooling flask with 5 cc of 
distilled water added to insure sterilization 
is exposed to saturated steam at 121'’G for 
thirty minutes 

4 A 650 cc container with 50 cc of 50% 
dextrose for storing plasma, is sterilized at 

* lyOtniT, J r , Moi I IV3>., P, L , Yousc, I M .and 
Luca', I. J Citnr Acid-Swlium CitMt'-'ClucoS'* Mixture 
for VAry>d S(ori;;f, O.unrl J Lx/in Pli>swl , 32 183, 1943 
C/,!! Pcnonal aimmunicition, Novrin- 

l>cr 1944 


121°C for thirty minutes and hermetically 
sealed. 

The container in which the blood is col- 
lected must be specially designed to with- 
stand the force encountered in a centrifuge. 
The container illustrated in figure 244, 2, 
fulfills this purpose in that the walls arc 
extra heavy and arc molded so that they 
arc thicker at the bottom than at the top. 
The function of the dimple in the bottom is 
to exert sufficient downward thrust in the 
centrifuge so that the bottom of the bottle 
docs not buckle inward to the point of 
fracture under the downward thrust of the 
walls. The divergently tapering walls and 
dome-shaped bottom also contribute to tlic 
technic because they force the shell of ice, 
which forms when plasma is frozen, to rise 
in the container rather than permit tlic 
expansion of the ice to crack the container. 

Apparatus Required 

1. Gravity blood collection kit is com- 
posed of 45 cm of rubber tubing (3 mm, 
bore X 1.5 mm wall), a collecting tube 
assembly, a No 14 gage needle, a needle 
holder with a No. 27 gage needle, and a 
medicine glass, and three test tubes (13 X 
100 mm ) with corks Assemble the elements 
of the apparatus as illustrated in figure 224, 
7, and sterilize as instructed in Chapter XVI 

2 The filtration kit contains a stainless 
steel filter assembly, 2 pieces of rubber 
suction tubing 45 cm long (4 5 mm bore 
X 2 mm wall), a side arm collection as- 
sembly, and a medicine glass These parts 
arc put together as shown in figure 229, 2, 
and sterilized 

3 The administration kit also has a stain- 
less steel filter assembly with 100 cm of 
rubljcr tubing (3 mm bore X 1 5 mm wall), 
a glass adapter, and a needle holder with 
No 19 and No 21 gage needles Assemble 
parts as shown in figure 229, 3, and sterilize. 


GirvDVjJ G,If Pcrsonalcoininunication, April 2945 
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4 The kit for pooling plasma consists of 
a side arm collection assembly with 2 pieces 
of suction tubing 45 cm long (4 5 mm 
bore X 2 mm wall) and a stainless steel 
tube 30 cm long, and a medicme glass 
Figure 230, 7, shows how these parts are 
assembled, prior to sterilization. 

Equipment Required 

1 Phlebotomy truck. Phlebotomy is fa- 
cilitated by the use of a truck such as is 
shown m figure 225, 7. It provides the 
phlebotomist with all the essentials for serv- 
icmg ten or fifteen donors. It is loaded m 
the central supply room, wheeled to the 
bleedmg clmic and then to the blood 
laboratory It transports the essential sterile 
equipment, germicides, and accessories to 
the donor, affords table space for assembhng 
the kit, provides the sterile transfer forceps 
for handhng the sponges moistened with 
germicides and four storage compartments 
for unused collecting sets and citrate con- 
tainers, as well as full bottles of blood 
Among the accessones are a sphygmoma- 
nometer, a stethoscope, 2 cc syrmges of 
sterile novocaine, an emesis basm, jars con- 
tainmg sponges moistened with hquid soap, 
2% aqueous iodine, and 70% alcohol, respec- 
tively, as weU as dry sponges for the final 
dressing A Pyrex tray* countersunk in the 
top of the truck serves as a receptacle for 
used tubmg and needles A clean tray is sub- 
stituted after each donation so that when the 
truck is wheeled to successive donors, it is 
clean and neat 

2 Phlebotomy table The donor is made 
comfortable in the supme position on a 
table fitted %vith a shding arm board and wire 
basket to hold the collecting bottle and pilot 
tubes, figure 225, 2 to 4 In a clinic where 
many donors are handled simultaneously, 
much labor is saved and better care can be 

• Coming Glass Company, Coming, New York, Py- 
rex No 212 


taken of the donors by arranging them with 
their feet to the wall 

After the site for phlebotomy is deter- 
mmed, a sphygmomanometer cuff is ap- 
plied m the reverse position, tubes present- 
ing at the shoulder. The cuff is inflated to 
50 mm Hg pressure and sprmg clamps 
are applied to occlude both tubes The 
manometer is then disconnected The skm 
overlymg the antecubital fossa is then dis- 
infected as desenbed m Chapter XII. 
Several drops of 2% novocame solution are 
mjected mtracutaneously 

The flask contaming the AGD solution 
can be readied for phlebotomy simply by 
removmg the stamless steel stopper and 
inserting the collecting tube assembly, fig- 
ure 224, 2 The sterility of the stainless 
steel stopper is preserved by placing the 
stem m the sterile medicme glass which 
comes with the collecting kit 

Phlebotomy is performed through the 
wheal of novocame The blood flows by the 
aid of venous pressure and gravity through 
the needle and the short rubber tube to the 
stainless steel tube whence it dnbbles into 
the citrate which is gently swirled to insure 
complete mixing. Venous pressure is main- 
tained by mstructing the donor to alter- 
nately clench and relax his fist about ten 
times per mmute 

When 500 cc of blood have been col- 
lected, the pressure in the sphygmomanom- 
eter cuff IS easily released by removmg the 
spring clamps TTie ears of the rubber bush- 
ing are grasped, figure 224, J, and the stain- 
less steel tube is removed from the gla^ 
collecting tube As the stainless steel tube is 
withdrawn, care is taken to pick up 
blood on the steel tube which adheres to the 
end of the glass, figure 224, 4 Before the 
needle is removed from the vem, tivo o 
the pilot tubes are filled with blood, fig' 
ure 224, 5 About 2 cc of blood is run mto 
the third tube containing an equal quantity 
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4. The kit for pooling plasma consists of 
a side arm collection assembly with 2 pieces 
of suction tubmg 45 cm long (4 5 mm 
bore X 2 mm wall) and a stainless steel 
tube 30 cm long, and a medicme glass 
Figure 230, 7, shows how these parts are 
assembled, pnor to sterilization 

Equipment Required 

1 Phlebotomy truck. Phlebotomy is fa- 
cilitated by the use of a truck such as is 
showm in figure 225, 7. It provides the 
phlebotomist with all the essentials for serv- 
icmg ten or fifteen donors It is loaded m 
the central supply room, wheeled to the 
bleeding clinic and then to the blood 
laboratory It transports the essential sterile 
eqmpment, germicides, and accessones to 
the donor, affords table space for assemblmg 
the kit, provides the sterile transfer forceps 
for handlmg the sponges moistened with 
germicides and four storage compartments 
for unused collecting sets and citrate con- 
tainers, as well as full bottles of blood 
Among the accessones are a sphygmoma- 
nometer, a stethoscope, 2 cc syringes of 
sterile novocaine, an emesis basin, jars con- 
tammg sponges moistened with hqmd soap, 
2% aqueous iodme, and 70% alcohol, respec- 
tively, as well as dry sponges for the final 
dressmg A Pyrex tray* countersunk in the 
top of the truck serves as a receptacle for 
used tubmg and needles A clean tray is sub- 
stituted after each donation so that when the 
truck is wheeled to successive donors, it is 
clean and neat 

2 Phlebotomy table The donor is made 
comfortable in the supine position on a 
table fitted with a slidmg arm board and wire 
basket to hold the collecting botde and pilot 
tubes, figure 225, 2 to 4 In a clmic where 
many donors arc handled simultaneously, 
much labor is saved and better care can be 


taken of the donors by arranging them with 
their feet to the wall 

After the site for phlebotomy is deter- 
mmed, a sphygmomanometer cuff is ap- 
plied m the reverse position, tubes present- 
ing at the shoulder The cuff is inflated to 
50 mm Hg pressure and spring clamps 
are apphed to occliide both tubes The 
manometer is then disconnected The skm 
overlymg the antecubital fossa is then dis- 
infected as described in Chapter XII 
Several drops of 2% novocame solution are 
mjected mtracutaneously 

The flask contammg the ACD solution 
can be readied for phlebotomy sunply by 
removmg the stamless steel stopper and 
inserting the collecting tube assembly, fig- 
ure 224, 2 The sterility of the stainless 
steel stopper is preserved by placmg the 
stem m the sterile medicme glass which 
comes with the collecting kit 

Phlebotomy is performed through the 
wheal of novocame The blood flows by the 
aid of venous pressure and gravity through 
the needle and the short rubber tube to the 
stainless steel tube whence it dnbbles mto 
the citrate which is gently swirled to insure 
complete mixing Venous pressure is mam- 
tamed by instructing the donor to alter- 
nately clench and relax his fist about ten 
times per mmute 

When 500 cc of blood have been col- 
lected, the pressure m the sphygmomanom- 
eter cuff is easily released by removing the 
spring clamps The ears of the rubber bush- 
mg are grasped, figure 224, J, and the stam- 
less steel tube is removed from the glass 
collecting tube As the stamless steel tube is 
withdrawn, care is taken to pick up any 
blood on the steel tube which adheres to the 
end of the glass, figure 224, 4 Before the 
needle is removed from the vem, two of 
the pilot tubes are filled with blood, fig" 
ure 224, 5 About 2 cc of blood is run mto 
the third tube containmg an equal quantity 


• Coming Glass Company, Commg, New York, Py- 
rcr No 212 
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TAGS FOR BLOOD AND PLASMA 



RETURN THIS TAG TO BLOOD BANK 
V/ITH USED EQUIPMENT 


Do NOT loftuc after. 


o o o 

0 o o 

aTRATED HUMAN BLOOD 

1 cefllfr th« the Aooar tppwi to be free of AI*- 
toutUDiutble br blood tnotfetioo oo thb tUte, 

( t . i l ii . r iM r»/teau> 


(iHUt 

Dooofj Name 
O Neyitive) 

□ PoiiUve J 

□ Negaure) 


tbtrul be) 


Serology 




Pnotfaj tittg P oq! Namlyf, 


I LJ 

Blood Group | p q 

(ab □ 


-O 




Recjpt^n rurne 

Recjpicflf's blood group OQAQBDABQ 
RH — Negiovr O Pojiuve □ 

Croiy tmtdytxJ by 


Tafitjed by Date 

Rexaton? Describe 

Checked bj bosioeis o£ce Q 




o o o 
o o o 



FROZEN HUMAN PIASMA 

POOL 2VUMBER Dint ,Q 

Bottle Number — 

14 Day CuIruTt Negatirc 
Bottled & Froreo -J>ite — 

ReCipIeot*i Name . — 

Jo/used I . — — .. D ate. 

Rexaloo? Describe- 


Ottcked by Btumesj Office,, 


-o 


RErnjRN THIS TAO TO OLOOO DAHK WITH 
USCO EQUIPMENT 



CriRATED HXMAN BLOOD 

Cent4jcu 

« mnle Mattcojpjhjtt jjjd prn^murc *^?u» 
Doo. 

sodJum citrate I fmi. 

citnc acid TIf gmi. 

dciCfoae ^.71 pnt 

diiulled water qt. I2f cc. 

h. Kjnun Uood qv C7f Cc. 

Drawn and filtered under axpuc prtcautrsci. 


INSTPUenONS 

Ds oot infuse bemcJyied bkod. 

Always filter clafi Ltoed as it ta ton^ infvxd. 

SHjW iliomogUy to rojjprnd ibe red blood cells. 
Tbe hVjyi p7utt b* tnfui^ urvnfdtjulY vpco re 
ctipt from the blood bank. Do rvsi beat ibe 
tljod. If fpecul Cifvumtunr^ rnake the up* of 
warn bl,yod dca.raUe, hrrt it beated at tbc bleed 
bank. 


FROZEN fWMAS PEAS/dA 

ConUiirt 

a rterile JO^ soluuyn of dextrose fOcc. 
b. sterile pliima froci a pool coa- 
taininf clear pla ma from it 
J«jc t apparently healiby doa- 
on. fOOcc. 


INSTRUCTIONS 

Thaw the frozen pUimi by exposing it to 
an envjromncnt NO WARMER thtn 
37* C TetDpcraojr« fo exorti of this 
Will cioi^ precipitation of fibrinogen. 
Shake ibortsughly and let platmt ataod 
ifl the liquid state for approtimateJy cue 
half hour before It u infuvd. RUuns 
CDUit be filtered during Inftt non. 
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Fioupje 226 


□ □ 


of sicnlc ACD pre^'ious!) added from a 
s>Tingc Thu tube mmt be kept sicnlc for 
conxmicncc in cross matching throughout 
the 21 da) storage penod The others scr\*c 
for scrolog), Rh typing, rouunc group- 
ing, and cross-matching The needle u 
then renwed from the NTna and the donor 
is instructed to apply pressure to a sponge 
pbeed o\cr the site of puncture, Thu must 
be done \nlh arm clc^‘atcd to the ^•crtical 
posiuon to minimize \cnous pressure. The 
traditional flexion of the clbms should be 
discouraged because it results m a high 
inadcncc of ccchymosu about the antccu 
biial fossa because the high s'cnous pressure 
s\hich results from the muscular contrac 
tion during forced flexion pumps blood out 
of the \ cm into the subcutaneous tissues. 
The glass collecting tube u next rcmov'cd 
from the rubber bushing Because the end 
of thu lube u rclamcly small, there u 
little danger of \\ciiing the lumen of the 
bushing NMih blood, figure 224, d, if ex ce ss 
blood has been remoNxd on the stainless 
steel tube as described abo\*c The stcnlc 
stainless steel stopper is ranserted, fig 
urc 224, 7 A tag figure 226, f, is hung 
around the neck of the flask, tlic pilot tubes 
arc slipped tlirough the holes in the tag 
50 that the blood record and pilot tubes arc 
essentially a single unit, figure 224, $, and 
the unit is taken to the blood laboratory, 
where the blood is typed immediately and 
Jcrology perfonned 

If an emergency transfusion is conlcm- 
pLiled the blood can be infused from the 
same container in whicli it was collected 
nKTcly by rcmo\ang the stainless steel 
»toppcr and inserting m lU place the com 
laned air sent and stainless steel filter as 
dcsoaljcd l)cIo%\ 

If the blood IS to \k stored it is centn 
fueed for forty Tut minutes at 1500 times 
p^Mt\ while still warm and then cooled 
to 4® to lO'Cwlicrc It u mamlamed until 


used Variations m t empera ture cause rap- 
destruction of cryilirocyacs, lienee st 
temp er ature is more important than the af 
tual Icvtl maintained Experience h.\s slier 
that the period of storage which \ac!ds u, 
mum results for boUi wliolc blood transfi 
sions and plasma production « twenl\-< 
days Storage at temperatures abcnc 10®' 
results m rapid dctcnoration Bdo\s 4® 
libnn prcapitalion is exccssiNa: 

\ACUini TxaiMC 

A special container for collecting ’ 
and a collection kit arc necessary for 
technic 

Soluttm Rtquxrtd 

Freshly prepared ACD solution (125cc 
IS sicnJizcd m a centrifuge bottle fitted wai 
a rubber bushmg and a spcaal siamics 
steel stopper This stopper, figure 227, 
dificrs from the stopper used for gta v 
collection m that there is an axial ' 
through the stem and a nipple on die 
end of the stem A small rubber diaphragni 
figure 227, 7, fits the nipple snugly 
pitrvadcs a hermetic seal when the stem 
the stopper is completely inserted in u 
bushmg figure 227, 3 The rublicr dia 
phragm m turn is baclcnologically pre 
tcctcd by a small metal cap which is moL 
tened and applied pnor to sicnIi 2 .alion 
Dunng sterilization the stem of the <tamlcss 
steel stopper IS positioned <o tlut all the air 
can be expelled from the coniamer through 
the channel m the side of the stopper UTicn 
sterilization i< complete, the sLunless <tccl 
stopper IS pushed home Vs the container 
cooK at least a 20 mm Ilq \acuum ii 
foTTOcd This v-icuum can lx* u et! to aid m 
the aspiration of blood ihruueh a small 
needle inserted into the \xtn of the 
donor 
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VACUUM TECHNIC FOR BLEEDING 



Figure 227 


ApparaftLK Required Tlie donor is prepared as outlined The 

Tlie vacuum blood collection kit con- vacuum technic de\nates at the point where 
pressure tubing -^5 cm long (4 5 mm. the blood collectmg container is readied for 

bore X 2 mm ^\•all) fitted wntli a needle use The sterile collectmg kit is extruded 

adaptor and a No 16 gage needle, one from its envelope and tlie protecting metal 

Hoffman t\pc clamp, a needle holder con- cap is removed from the rubber diaphragm, 

taining a 4 cm No 19 gage intravenous figure 227. 5, and placed carefully m a sterile 

needle, and tlirec test tubes (13 X 100 mm) comer of the tray. The cotton plug is re- 

wTth corks Tins equipment is assembled as moved from tlie needle holder and the No 16 
illustrated in figure 227. 4 gage needle is attached to the adaptor. The 
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CENTRIFUGING BLOOD 



HofTman clamp IS applied to the rubber tub- 
ing as near to the piercing needle as possible. 
/\fler the damp has been closed fumly, the 
piercing needle is thrust through the center 
of the rubber diaphragm, figure 227, 5 
The cotton plug is then remerved from the 
opposite end of the needle holder and a 
No 19 gage \Tnipunciurc needle is at 
lached to the adaptor \ cnipuncturc is 
performed and the Hoffman clamp is 
opened figure 227 6 The blood ii 
aipiratcd throuc;h the small needle directly 
mto the ACD solution Care mu«t be taken 
to mamiam nifTicient sxnous presmre so 
tlut the \*nn is distended at all times If 
th- flow M not adequate the fault mualK lies 
at Oic tip of the vmipunciurc needle If 


too much STicuum Is applied, the wnll of 
the s*ein is often caught acro^ the lumen of 
the cannula and the floss of blood slopp^ 
WTicn the desired amount of blood has 
been svaihdrawn, the clamps arc remosard 
from the sphy-gmomanomeicr cuff and the 
donor relaxes lus arm T^c picrang needle 
IS rrmosTd from the diaphragm and blood 
IS collected for vrrology and tspmg deter 
minations figure 227, 7 Tlic phlebotomy 
needle is then remosTd The nnaJl rrr-ial 
cap IS reapplied to protect the rublrr dia 
phragm The pilot tubes arc lavncd into 
the proprrh folded lag and tli" Litter is 
fixed ibout the neck of the conlamcr as 
illustrated m ficurc 22"’ 7 

If Uic vacuum in the coniain'T u lent 


( 319 ) 



VACUUM TECHNIC FOR BLEEDING 




Figure 227 


Apparatus Required 

The vacuum blood collection kit con- 
tains pressure tubing 45 cm long (4 5 mm. 
bore X 2 mm wall) fitted with a needle 
adaptor and a No 16 gage needle, one 
Hoffman type clamp, a needle holder con- 
taining a 4 cm No 19 gage intravenous 
needle, and three test tubes (13 X 1 00 mm ) 
Tvnth corks This equipment is assembled as 
illustrated in figure 227, 4, 


The donor is prepared as outlined The 
vacuum technic deviates at the point where 
the blood collecting container is readied for 
use The sterile collecting kit is extruded 
from Its envelope and the protecting metal 
cap IS removed from the rubber diaphragm, 
figure 227, 5, and placed carefully in a sterile 
comer of the tray The cotton plug is re- 
moved from the needle holder and tlic No 1 6 
gage needle is attached to the adaptor The 
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CENTRIFUGING BLOOD 



HotTnundamp « applied d\c nibber tub- 
ing as near to the picrang needle as possiblc. 
Afier the clamp has been dosed firml), the 
pteremg needle is thrust through the center 
of the rubber duaphragm, figure 227, 5 
Tlic cotton plug IS then remo^•ed from the 
oppoutc end of the needle holder and a 
No 19 gage \*cn>puncturc needle is at- 
tached to the adaptor \ cnipuncturc is 
performed and the I lofTman damp is 
>1o\n1j opened figure 227 0 Tlic blo^ is 
aspirated through the ^mall needle dirccil) 
mto die \CD <0101100 Care muu be tal.cn 
to maintain sufficient vmous pressure so 
that die snn is distended at all times. If 
the floM IS not adft^uiir ilie fault usualK hrs 
^t the lip of the venipuncture needle If 


too much vacuum is applied, the wall of 
the van Is often caught across the lumen of 
the cannula and the flow of blood stopped 
INTien the desired amount of blood has 
been waihdrawn, die damps arc removed 
from the yph>*gmomanomcicr cuff and the 
donor relaxes his arm The piertung needle 
IS rrmovTd from die diaphragm and blood 
IS collected for serolog) and ij'ping deter 
nunauons figure 227, 7 Tlic phld»tom> 
needle is then removed Tlic small nvial 
cap is reapplied to protect die ruWrr dia 
phragm Tlie pilot tubes arc msened into 
die proprrl) Mded lag and die Latter m 
fixed al»ul the nccl. of the container as 
illustrated in figure 227 7 

If die vacuum in the container 11 lost 
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through faulty manipulation, the flow of 
blood can be contmued by wigglmg the 
stamless steel stopper out of the bushmg 
sufficiently so that the channel serves as a 
vent 

CENTRIFUGING 

The operation of the centnfuge is not 
difficult if the purpose of the operation is 
kept in mmd Centrifugal force acts selec- 
tively on the constituents suspended m 
blood and sorts them out accordmg to their 
relative densities, the heavier tendmg to 
layer out at the periphery of the spinnmg 
contamer In the centrifuges used m blood 
laboratories, the botdes are spun m a hon- 
zontal position and the red cells tend to 
pack together m the bottom of the bottles 
For successful centnfugmg, the speed of the 
centrifuge must be sufficiently great to 
effect a clean separation of the red cells from 
the plasma A force of 1500 times gravity 
exerted for forty-five mmutes is sufficient to 
do this 

Vibration mihtates against successful cen- 
trifuging because it stirs up the packed red 
cells or prevents the development of suffi- 
cient centrifugal force to cause a separation 
of the cells In a properly constructed cen- 
trifuge, the difficulUes encountered are all 
due to careless operation 

The most important step in the operation 
of a centnfuge is proper loadmg. This is 
done by remowng diametncally opposite 
trunmon cups from the centnfuge, insertmg 
the bottles of blood in the cups and balanc- 
ing them against each other on a torsion 
balance The steps m balancmg follow: 

1 The empty balance is adjusted so that 
the pointer swings an equal distance on 
cither side of the zero point 

2 The paired trunnion cups are placed 
on either lialancc pan and 10 cc of water 
arc put in each cup 


3. Centrifuge bottles containing approxi- 
mately equal volumes of blood are placed 
m the trunnion cups 

4 The trunnion cups are carefully bal- 
anced by addmg water to the lighter 
cup by means of an Asepto syrmge, figure 
228, 7 

5 When the cups have been carefully 
balanced and the pointer swmgs an equal 
number of divisions on either side of the 
zero pomt of the scale, the trunnion cups 
are removed and hung m the proper pockets 
of the centnfuge head Carelessness at this 
stage IS a frequent cause for vibration The 
number one trunnion cup must always be 
hung m the number one pocket, and so on, 
figure 228, 2 

6 The wmdshield cover is replaced and 
screwed down snugly 

7 The centnfuge cover is closed and 
locked 

8 The centnfuge is started slowly by 
turning up the rheostat step by step If 
unusual vibration occurs, the centnfuge is 
stopped immediately and inspected to be 
certam that the trunnion cups are m their 
proper posiUon If they are properly lo- 
cated, the cause of the vibration must be 
sought in improper balance and all the cups 
should be rebalanced 

9, The centnfuge is run forty-five minutes 
at 1500 times gravity The speed at which 
an mdmdual centnfuge must be run to 
attain this centrifugal force vanes with the 
diameter of the centrifuge head The follow- 
ing table correlates the diameter of the 
head and the speed necessary to develop 
1500 times gravity ^Vhen a speed of 2000 
R P M cannot be exceeded, the penod 
must be prolonged sufficiendy to attain 
good separation 

10 After the period for centrifuging has 
elapsed, the switch is turned off and the 
centnfuge is allowed to run down The 
brake must not be applied because sudden 
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change in speed \vill stir up the packed red 
cells 

11 When the centrifuge has stopped, 
unlock the covcTj unscre\v the windshield 
cover, and remove the centrifuge bottles 
from the trunnion cups. With istU padeed 
cells, only ordinary care is necessary to 
p rev en t disturbing the ceils. If the bottles 
containing the centrifuged blood are placed 
in the refrigerator for several hours, the red 
cells tend to “jell” and aspiration of the 
plasma is easier 

ADIUNISTRATION 

The first step in mfusmg blood is to 
check the tag to be absolutely certain that 
the blood u compatible with that of the 
proposed rcapient Usually the blood is 
given cold but it may be heated to 37*0 it 
the patient is in shock or m critical condi- 
tion TTus IS readily done by exposing it to 
an environment no hotter than 37®C for 
thirty mmutes before it is infused A ^vatc^ 
bath or an electric heater is suitable, 
figure 230, 4 

If the whole blood is to be used, the 
centrifuge bottle is thoroughly shaken to 
mix the cells and plasma. Only blood shoiv 
mg no hcmol>'Sis should be infused Be- 
cause small clots of fibrin form m appr o xi- 
uiatciy 10% of the containers of stored 
blood, inconvcmencc can be avoided by 
filtering the blood before admimstrauon 
This can most easily be done in the labora 
tor> by inserting the stainless steel filler 
siscmbly illustrated in figure 229, 2, invert 
mg the flask and collecting the blood m a 


stcrUe container, figure 229, 4 Suction can 
be used to assist the filtration should it slois 
denvn. The second container is stoppered by 
reinserting the stenle stainless sted stopper 

To infuse the blood, the stainless steel 
stopper is rocked and nested out of the 
bushmg A stenle rcapient set is extruded 
from the stcnlmng cn\*cIopc and the vent 
tube IS inserted mto the orifice of the rubber 
bushing imtil the ttsu circumferential beads 
on the glass portion of the tube embrace 
the rubber bushing, figure 229, 3 The 
flask IS mverted, figure 229, 5, the air is 
displaced from the filter and tubmg, and 
venipuncture is performed The doctor 
must stand by uhilc the blood is mfiiscd to 
detect signs or symptoms of any untossurd 
reaction- WTicn blood must be infused 
rapidly, a 14 gage needle should be selected 
In an cxsanguinaaon emergency the blood 
can be pumped mto the rcapient by insert- 
ing a transfusion pump into the line After 
the infusion has bra completed, the equip- 
ment 13 returned to the blood laboratory 
immediately where it is thoroughly nnsed 
with cold w’ater 

PU^SUA PRODUemON 

If the centrifuged blood is not used as 
whole blood within a 21-<iay period, it is 
advantageously con\’ertcd to plasma as 
the end product of the blood bank The 
dear, supernatant plasma is aspirated fimn 
the indrviduaJ collecting containers mto a 
large pooling flask where it is mixed with 
the plasma from other donors to reduce 
the mcr of whatever agglutimns may be 
present- The plasma from at least agbt 
demon should be pooled so that stansucally 
all the agglutinins arc likdy to be repre 
sented- Because of the hazard of infecting 
rcapicnls with homologous scrum jaundice, 
the history of all donors contnbuiing to a 
plasma pool must be rcMcwed cnucdly to 
cxdude any who have had jaundice or hai*c 
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Figure 229 


been associated with jaundiced persons To 
date there is no laboratory metliod for de- 
termining the safety of plasma m tins regard 
Only plasma ^^^tll a negative serologic test 
for s^'phihs should be used 

Tlie procedure can be performed under 
ultraviolet radiation with htdc danger of 
contamination, figure 230, 2 If aseptic 
technic is maintained, plasma can be added 
to tlic pooling flask periodically unUl it is 
full An aspirating tube, figure 230, 7, is 


substituted for the stainless steel stopper in 
the pooling flask and its side arm attached 
to a source of vacuum maintained at a 
negative pressure of 12 cm of water Tlic 
slender glass tube is then inserted tlirough 
the hole in the bushing of the collecting 
botde and the clear plasma is dra^^'n off If 
die container is held at die eye level, all 
but 10 or 15 cc of the plasma can be re- 
moved widiout stirring up red cells or the 
“buffy coat” which overlies dicm. 
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POOLING AND BOTTLING PLASMA 

2 



The bookkeeping on the plasma pool is 
readily taken care of simply by accumulat- 
ing the tags from the collecting bottles on 
the neck of the pooling flask, figure 230, 3 

When the pooling flask is full, it should be 
allowed to stand at room temperature for 
twenty-four hours and must be cultured 
prior to the addition of preservatives The 
technic of choice for culturmg pooled 
plasma is that recommended by the Na- 
tional Institute of Health ^ 

TESTS FOR STERILITY 

Tests for stcnlity arc required on the plasma 
before the addition of the preservative At this 
point the tests may be made on the plasma 
from the individual bleedings or on a sample 
taken from the plasma pool pnor to the addition 
of the preservative Sterility tests are also re- 
quired on the finished product as contamed 
in the finished dispensing unit 

Test Culture Medium 

The National Institute of Health has adopted 
as the standard culture medium for making 
the sterility test on all biologies under its control 
a medium designated as “Fluid ThioglycoUatc 
Medium ” 

FLUID THIOCLYCOLLATE MEDIUM (lINDEn) 


Grams 

Peptone 20 0 

Dextrose (anhydrous) . , 5 0 

Yeast extract 2 0 

Sodium thioglycollatc 1 0 

Sodium chloride 5 0 

Agar (less than 15% mowturc by weight) 0 5 

Dipotassium phosphate (KjHPO^) 2 5 

Distilled water 1000 0 cc 

0 2% solution of methylene blue (cert ) 1 0 cc 


Dissolve the agar in half the volume of distilled 
water by Ixiiling or heating in the Arnold 
Dissolve the remaining ingredients, except the 

■ Eullctin Unfihered Normal Human Plasma, Na- 
tional In'uiute of Hcaltli, BelJicsda, Maryland, 3rd rev, 
August 15, 1942 


methylene blue, in the remaining water with 
the aid of heat Now mix the two portions, 
adjust the reaction with sodium hydroxide 
to such a pomt as experience shows will result 
m a pH of 7 5-0 1, m the completed and sten- 
lizcd medium Filter clear while hot and add the 
methylene blue solution Distribute mto final 
containers of the desired size and sterilize m 
the autoclave for 18 to 20 minutes at 15 to 
17 pounds pressure (121° to 123°C) 

A medium may be prepared as a premixed 
dehydrated stock of the csscntisil ingredients 
contained m Method B formula Such pre- 
mixed stock IS now being commercially pre- 
pared and this has proved equally satisfactory 
and has the advantage of being certified as to 
growth qualities Directions for preparation 
arc given on the label 

At the end of the incubation penod used for 
the sterility test less than 50% of the medium 
m each tube shall have changed from the color 
of the fresh medium to a green color 

Slerthly Test on the Pool 

When this method of testing for sterility is 
selected, the procedure shall be as follows For 
liquid or frozen plasma two separate samples 
shall be withdrawn from the well mixed pool 
for the sterility test The size of each sample 
shall be not less than 20 cc for each liter of 
plasma in the pool under test For the sterility 
test the entire volume of one of the two samples 
shall be planted in one or more portions of 
thioglycollatc medium If evidence of con- 
tamination appears the test shall be repeated 
with the second sample and if this test also 
shows the presence of contamination the pool 
shall be discarded 

After the cultures on the plasma pool 
arc reported negative, the quarantine is 
lifted and the plasma is bottled into indi- 
vidual containers of 500 cc. each This is 
conveniently done by using the same type 
apparatus which was used to pool the 
plasm, the aspirating tube being substituted 
for the stainless steel stopper in flasks con- 
taining 50 cc of 50% dextrose solution. 
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figure 230, 3 The dextrose is added to 
prevent the formation of preapitate when 
the plasma is allo^vcd to stand for prolonged 
intervals at room temperature- Attics full 
of pl n sma are scaled by reinserting the 
stainless steel stopper A tag, such as illus- 
trated m figure ^6, 2, is fixed to the neck 
and the plasma is frozen m a cabinet held 
at — 23®CL Frozen plasma can be stored 
indefinitely m a suitable refrigerator 


To use fi*ozcn plasma, it is thawed by 
heating it as shown m figure 230, m an 
environment of 37®C imtil the ice is melted 
It IS then thoroughly shaken A filter assem 
bly, figure 229, 3 , is inserted m place of the 
stainless steel stopper, the flask is mverted, 
figure 229, 5, and the infrmon is begun 
Plasma that has been properly prepared and 
scaled can be melted and stor^ as a hquid 
for months without detcnoration 


[ 325 ] 



CHAPTER XVm 


CENTRAL SUPPLY ROOM TECHNIC 


The dost factor alone should always point a warning finger at us before guests are invited into the operating 
room The spectator exerts another influence upon the surgeon which he secretly feels and openly denies Idiomati- 
cally he IS on the spot ” A surgeon is as human as any one else and seldom can be expected to do his best work 
under pressure of a critical audience 

— Jean M Stevenson and Mont R, Reid, 1941 ^ 


A central supply room has proved as 
essential in hospital organization as a tool 
cnb in a machine shop But t\vo functions 
of the toolroom make it indispensable, one 
is the control of the mventory of tools so 
that loss and ^vaste are eliminated, and the 
other is the pro\TSion of experts to maintam 
the tools in standard usable condition Both 
points are a crymg need in most hospitals 
and the central supply room offers the only 
economical solution Besides these major 
advantages, there are many other benefits 
Advantage can be taken of a diNdsion of 
labor which is impossible in mdividual de- 
partments or \vards of the hospital Lay 
help can be trained to do many of the tasks 
in a supply room more efficiently and mex- 
pensively than \sffien nurses are depended 
upon \Vide expenence has sho^^^l, for ex- 
ample, that an intelligent, habitually neat 
and clean girl Mth a high school education 
can make up all the parenteral fluids and 
the equipment for their administration \\ath 
a minimum of super\*ision Such persons 
accept the job as a challenge and look upon 
it as a worth-\vhile career ^vhereas most 

1 SttvE-vson, J and Rrm, M. R- Opnativ' S^- 
gaj, edited b\ F. W. BA.NCRorr York, D Applcton- 
Cen’tur) Company Inc., 1941, p 243 Xcis Ediuon to be 
pubhihed b% J B Lippincott Company 


nurses feel that it is a memal chore which is 
not worthy of their mterest When properly 
organized, a central supply room can be a 
valuable classroom for student nurses be- 
cause the hospital can well afford an expert 
supervisor who has the knowledge and skill 
to discharge her responsibihty well These 
attnbutes are essential for teachmg student 
nurses a reliable techmc based upon actual 
facts rather than upon tradition and im- 
pro\Tsed technic Dupheation of equipment 
can be minimized and conservation of sup- 
phes and apparatus and mstniments can be 
encouraged The final outstandmg advan- 
tage accrues to the hospital as a whole be- 
cause all types of supplies and equipment 
are ready for instant use and if the central 
supply room is worthy of the name, every 
item which is issued from it wdl be in usable 
condition and packaged m a standard 
manner. 

If the concept of a central supply room 
is sound, there should be no difficulty in 
decidmg that as many functions as possible 
should be assigned to it Many hospitals 
have failed to recognize this and maintain, 
in fact, overlapping organizations to carry 
on functions which should be delegated to 
but one Effective control of inventory 
or standards of quality is impossible when 
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more than one organization i5 charged 
Math the tame duties The minimmn duties 
^vhich should be assigned to a central 
supply room arc mdicated m figure 231, 
^^hIch also Indicates a division of labor that 
will be found most cflcctivc from a pomt of 
view of smooth function of the supply room 
and coordination of its efforts wth those 
departments of the hospital with which it 
has Its chief contact 

The physical layout need not be elabo- 
rate. A plan as shown m figure 232 provides 
adequate facilities for a hospital of 250 
beds. Notable features are the elimination 
of fixed equipment and the substitution of 
vanous lands of tables designed to faahtate 
the work These tables are fitted \vith large 
casters so that they can be pushed out of the 
way when other functions arc being per- 
forroed Emphasis should be placed upon 
adequate hghtmg and vcntilaaon The 
latter is notesvorthily lacking in most hospi- 
tal supply rooms A complete change of air 
fifteen times per hour is not excessive for 
comfortable \vorking condidoos m a central 
supply room 

M^y central supply rooms assume the re 
iponnbihty for the manufacture of sponges, 
etc. Experience has convinced the author 
that machine made supplies arc usually 
less expensive and possess standard quahty 
^^■hlch is unattainable when these supphes 
arc made by hand This is only true, how- 
c%“cr, >Nhcn the needs arc antiapated and 
supplies arc purchased In the most advan 
tageous quanUUes. 

The type of tcchmc to be used m the 
central supply room is nntU illustrated by 
the matcnal presented in C2iaptcrs X, XJ, 
and X\TI and need not be clabo- 
nitcd upon further Figure 233 illustrates a 
dressing kit, a catheterization kit, and a 
lumbar puncture kit ^\hich arc useful The 
®ost important feature of the small kits 
IS the stcnlizing cnsxlopc, figure 209, 5 


which not only provides protection for the 
stenlc contents but also is a con\*cnicnt 
means for rcturmng the used equipment to 
the supply room. This is important because 
It prevents loss and breakage of equipment 
by makmg it so easy to gather together the 
contents each kit for return to the supply 
room that they arc not accumulated on the 
ward and returned in huge batches where 
breakage and loss arc frequent 
Figure 234 illustrates a kit which has 
been assembled to provide all the necessary 
equipment to administer ox)gcn through, a 
BLi mask. When this kit leaves the 
central suppl) room, It is m a true sense 
emergency equipment m that it can be 
apphed to the patient without the hectic 
rush for tools and sundry small parts which 
so often attends the use of emergency 
equipment when not kept m usable condi- 
tion When the mask is returned to the cen- 
tral supply room, it is careful!) disassembled 
and thoroughly tvashed with a solution of 
1 1000 sodium hypochJontc and nnsed m 
tap water The ci^aJmg inhaling \'al\'C is 
hdd m a turret molded into the densm tube 
of the mask, figure 234, 4 The valve proper 
consists of a disc of finc-gnun sponge niblxr 
This disc shps mio the turret and is retained 
by the outer flange of the turret Itisrcadil) 
removed by squeezing the sides of the 
turret and lifting it out with the thumb 
and forefinger To clean the disc, it is latu 
rated with h)’poch]ontc solution several 
tunes. It 13 then thoroughl) nmcd m clear 
water and squeezed dr) 

Famihanty wnth the function of the 
vanoiis parts of the mask insures mtcUigcni 
caie. The a xy ga i enters the mask through 
the inlet tube which delivers it at the lower 
end of the rcscrveir rcbreaihlng bag The 
patient inhales the contents of this bag 
through the down tube and if the bag u 
completely emptied, aimosphcnc air enters 
through the sponge-rubber veKe to pcnnit 
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FLOOR PLAN OF CENTRAL SUPPLY ROOM 



complete inspiration. The gases exhaled 
initially (tidal air) pass through the down 
tube and mto the bag and are available for 
rebreathmg After it becomes distended 
^vlth the mixture of expu-ed air and fresh 
ox)'gen, tlie pressure m the down tube is 
increased slightly and tlie rest of the exhaled 
an- IS forced out the exhalmg valve This 
portion of the expiration is chiefly alveolar 
air and contams most carbon dioxide Suffi- 
aent moisture accumulates m the rebreath- 
ing bag from expirations to humidify the 
fresh ox^'gen 

After the mask has been reassembled, the 


attached to an oxygen cylmder and the 
mask tested by applymg it to the back of the 
hand so that faulty assembly or leaky parts 
are evident Sodium hypochlorite is the best 
cleansmg agent because it disinfects and 
deodorizes the rubber and also dissolves 
any mucus which has adhered to the inside 
of the mask 

Proctoscopes, sigmoidoscopes, and similar 
equipment are carefully disassembled as 
soon as returned The battery, light cord, 
and light carrier are separated from the 
remainder of the equipment which is 
thoroughly scrubbed in 1 1000 solution of 
sodium hypochlorite and rinsed m tap 


reducing valves and flow meter are then 
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FLOOR PLAN OF CENTRAL SUPPLY ROOM 



complete inspiration. The gases exhaled 
initially (tidal air) pass through the down 
tube and into the bag and are available for 
rebreathmg After it becomes distended 
^vlth the mixture of expired air and fresh 
oxygen, the pressure m the down tube is 
increased slightly and the rest of the exhaled 
air IS forced out the exhalmg valve This 
portion of the expiration is chiefly alveolar 
air and contains most carbon dioxide Suffi- 
cient moisture accumulates m the rebreath- 
ing bag from expirations to humidify the 
fresh oxygen 

After the mask has been reassembled, tlie 
reduemg valves and flow meter are then 


attached to an oxygen cylmder and the 
mask tested by applying it to the back of tlie 
hand so that faulty assembly or leaky parts 
are evident Sodium hypochlorite is tlie best 
cleansmg agent because it disinfects and 
deodorizes the rubber and also dissolves 
any mucus which has adhered to the inside 
of the mask 

Proctoscopes, sigmoidoscopes, and similar 
equipment are carefully disassembled as 
soon as returned The battery, light cord, 
and light carrier are separated from the 
remamder of the equipment which is 
thoroughly scrubbed in 1 1000 solution of 
sodium hypochlorite and rmsed in tap 
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KIT FOR OXYGEN THERAPY 



Fiourp 23-1 


water. It js carefully cliied and a long pipe with tlic same moistened cloth. The rheo- 

clcancr is lun thiough tlic tunnel piovided .stat is then turned to zcio and the canici, 

for the light cat ricr. The end of this clcanci coid, and batteiy connected. The light 

should be doubled back on itself so that the switch is tlicn turned to die “on” position 

wiie will not sciatch the light hood. \Vlicn and the ihcostat is giadiially turned up 

the clcanei has impinged against die glass, until the filament in the lamp glows Caic 

It should be lotated .scvcial times so that the should be taken not to turn the cunent 

inner surface of the glass is wiped clean. any highci dian die point where the 

The vaiioiis paits of the proctoscope aie U-shaped filament is seen as a single souice 

then assembled, the light carrier is cleansed, of light rathei than a U-shaped light The 

without icmoving the lamp, by rubbing it ihcostat is then turned back to7Cioand the 

with a cloth moistened in sodium hypo- carrici disconnected from the coid The set 

chlorite. Gate must be taken not to squeeze is ai ranged in a sandwich bicad pan with a 

moisture into the joint where the lamp sliding covci and the tag initialed so that 

SCI ews into the cairicr or into the conncctoi the peison who checked .ind tested it can 

at Its other end. The lubbei cord is wiped be identified at .i latci date 
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CHAPTER XDC 


HOSPITAL INFECTION OF WOUNDS 


It tr, wfortanaUlj, a mfianefialj stay that ever mu smgfjy btgan, tfu most of iht mxsdnej teas dont by Ou 
sarieon hxmstif It was ths willing avi imder^ though unclean hand, that earned the poison tnlo the tcoimds It 
IS to this that Lister has put a stop With a proper antiseptu, an operator ts now made to be clean in spite of hm 
self, u compelled to have safe spongu, safe ligatures, clean mstmments, and, above all, dean fingers 

— Thomas kEmr, 1885 * 


A startling contnbution to the v/elfare of 
surgical patients has come from surveys 
made m England and Australia on those 
mjured m World War II ^ ' Care- 

ful studies show that the majority of fresh 
wounds arc not infected with virulent 
pathogenic bactena when the victims reach 
the hospital The wounds show contanuna 
tion ivith pyogenic organisms for the first 
time shortly after the first routme drcssuig 
Detailed mvcstigation of droplet infcctioa 
and dust distnbudon in wards, dressing 
tcchnic, and related factors was startling 
The primary cause of hospital wound mfec- 

’ Kmn, TitowAS CWnlalMU t» On Svpeel Trt€tw»aa 
d Tnwtrj 9J On A^amen. Pari I Hjrtrrectoa^ for J^raar 
•/ tit Hms Edlnboryfa Oliw md Boyd, 1885 
* XIa n> A. A-, SatWAVAacu, H. CoxLim, A- CL, 
Bo**, J P, Skkwe* E. T d, PtLatm, R. S. and 
A\U3HT J : Hcspitil lafcctke cf U*r Woondi, BnU 
V J, 2i855 1 940 

'McKaioac, Uuairr J end Mile*, A. 

Tbe RedoedoQ of Hocplul lofccika of Wooodr Con 
toiiW Expcrimnii, BrU M 7, 2:375 IMl 

^STtnan R. L. Ilcopiul Infection of Uoundi, 
ifrfj ijutx^ia 1:124 1944 

*Krq ru A, \ J The Pre%-cnlkM of Ho^Ul Infix 
‘«»of\Soundi, 1:121 1944 

‘'Ncnr, C. The Preventko of HcMptol InfxtiOD 
cf Wouodi, J Australia, Iil2i 1944 

'SiKWTtn, R. A. nnd \\atx*wo»tii P Trantmlfrf- 
cf Hcmolyik StrcptococcaJ Infection by Fire*, 
V J, 1,247 1944 


non IS the mechanical transfer of pj'Ogcmc 
organisms from infected wounds to clean 
ones by the hospital personnel during 
routme dressmgs Secondary infccnon oc- 
curred in only 5% of open wounds on admis- 
aiQD to the hospital, m 50% after one wceUs 
stay and from 70% to 80% as hcwpitahza- 
non progressed * This pomt has bra em- 
phasis repeatedly by traumatic surgeons 
as well as by those who have mastered the 
care of sepne hands. Droplet and dust borne 
infections were demonstrated to be second 
ary factors Intclhgcnt nnusion of dressing 
tcchnic resulted in a decrease m the infec- 
tion of traumatic W'ounds from 30% to 
2.2% and m dean \\‘ounds from 5% to zero 

Control of hospital infection is not difficult 
but It depends upon the smccrc cooperation 
of cvciyTjnc coming m contact with patients 
wlio have unhealed wounds. It docs little 
good for mne tenths of the stafT to carrj out 
an ideal tcchnic ^\hcn one tenth is careless 
or \%hcn tcachmg rounds create h>‘stcna 
and dressmg after dressing is taken down 
>Mthoul adequate precautions Like aseptic 
tcchnic m the operating room, a tcchnic for 
the prcN'cnlion of the spread of disease on 
hospital \\-ards must be well organized and 

'EditorlaL 72/ Uer/Dr/in^ 2 565 1941 
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drilled into the staff through constant ex- 
ample 

From the discussion on disinfection of the 
skin, It is obvious tliat a careful surgeon pro- 
tects his hands against contamination at all 
times. The surgeon’s selfish interest in the 
safety of his own hands and the well-being 
of the patients upon whom he is to operate 
can only be protected by the utmost care 
in doing dressings A “no touch” or instru- 
ment technic should be used because it has 
been demonstrated that the outside layer of 
a dressing frequently harbors organisms 
which have soaked tlirough or have grown 
into a moist dressing. 

When fingers arc madvertendy contami- 
nated, they should be disinfected immedi- 
ately by genUy rinsing off the septic material 
and applying an effective germicide (Chap- 
ter XII) Those with infected lesions of the 
hand should refrain from doing dressings 
because the same factors which make a 
patient’s dressing dangerous to the surgeon 
operate m reverse 

Droplet infection can be controlled only 
by masking those present at the dressing, 
including the patient himself, unless die 
dressing team and the patient can be dis- 
ciplined sufficicndy well so that talking, 
laughing, sneezing, or sighing arc elimi- 
nated Because no mask yet devised is 
effective, persons with colds should no more 
attempt to do a dressing than they should 
serve on an operating team.® 

To protect the patient with multiple 
wounds against cross contamination from 
one wound to another, only one dressing 
should be done at a time, even though the 
wounds may seem to have a common origin 
and obviously a common host 

It IS interesting that bandage seissors 
were indicted as the conveyor of organisms 
from one wound to another, yet even in 


modem hospitals any nurse or intern will 
brandish his bandage scissors at a second’s 
notice Cast cutters also carry infection 
from patient to patient These instmments 
must be sterilized every time they arc used 
just as arc tlic forceps that are used in the 
actual dressing. 

Unsuspected sources of gross contamina- 
tion should be controlled The push plates, 
elbow hooks, and knobs of doors and faucet 
levers arc often carelessly contaminated, as 
arc hand bmshes. The latter cause for 
wound infection was strikingly demon- 
strated as early as 1891 

The control of dust is the most difficult 
problem of all because the sources of dust 
arc ubiquitous and cleansing methods arc 
grossly inadequate. The only satisfactory 
method of ridding a room of dust is to use a 
vacuum cleaner of the type which expels the 
exhaust air to the outside atmosphere Other 
vacuum cleaners sunply remove gross dust 
from the air and redistribute the fine dust 
about the room Because few hospitals have 
adequate vacuum cleaning systems, it is im- 
portant to arrange the time for doing dress- 
ings at least thu-ty minutes after tlic beds 
have been made, the floors have been swept, 
and patients or their visitors have been 
moving about to permit bacteria to dis- 
appear from the air as shown in figure 134. 
Windows should be closed' prior to doing 
dressings for the same reason Oiled floors 
and treated textiles arc essential aids in con- 
trolling dust as is presented in Chapter XIII. 

Other overlooked but obvious causes of 
gross contamination arc wash basins and 
bed pans, which must be sterilized either 
following every use or kept for individual 
use only The transfer of bed clothing, par- 
ticularly the outer blanket from one bed 
to another without disinfection, is a gross 
breach in technic which is carefully per- 

’’ SciiiHiii'i miscii, C Thf Aseptic Treatment of Wounds 
London H K. Lewis, 1894 


' Ldiiornl The Individual .Streptococcus Carrier, 
MA, 125 556, 1944 
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formed m the best hospitals each mght and 
tDommg The proper disposition of soiled 
linen, as outhned m Chapter XV, is too 
often overlooked The mdiscnnunatc pass- 
ing of books and papers between wounded, 
surgical as well as traumatic, patients 
should not be permitted 
This discussion will probably prompt the 
feeling m most readers that a proper techmc 
for dressing wounds is just as elaborate as 
that necessary to control communicable 
disease. That impression is correct and lends 
weight to the opinion of those who believe 
that communicable disease can be safely 
eared for quite easily m any vs’cll organized 
surgical ward where a umple, foolproof 
technic is conscientiously observed by alL 
The dressmg of wounds can be facilitated 
by a truck, figure 235, that provides the 
necessary items as well as a means of dis- 
posing of soiled Imcn, dressmgs, and instru 
ments The use of individual dressing kits, 
figure 233, 2, and a safe sterile transfer 
forceps, figure 17, insure against cross con 
tammauon A shelf mounted on a crane 
attached to the right rear comer of the 
dressmg truck is readily adjusted to support 
a sterile field over the patient The waste 
contamcr is also mounted on a crane so 
that It can be sw'ung near the patient to 
rccave soiled dressings This container is 
fabneated of stainless steel and is just large 
enough to hold a waterproof paper bag wath 
about 4 cm. of the bag protruding The 
flanng, funnel like top slips inside the upper 
edges of the bag to fasten the latter securely 
in the container ^\^lcn the bag is two* 
thirds full, the flanng top is removed, the 
bag closed and disposed of m the “con 
taminated v\'astc can ’ (Chapter XX) 

Soiled instruments arc accumulated m 
the instrument pan The) arc cleansed and 
stcnlucd simultaneous!) figure 110, before 
*hc) arc returned to the central suppl) 
rooin. Unused dressmgs and instrumcnis 


arc gathered together mto the stcnlizmg 
envelope and the flap of the latter is tucked 
over a bar m a recess designed to accumu- 
late used kits Lmcn, WTappers, towels, etc., 
arc dropped mto a small hamper bag sus- 
pended from a nng set m the top of the 
truck When full, this bag is dosed snugly 
and a “communicable” tag is attached 
It IS sent to the laundry for proccssmg as 
described m Chapter XV 

INCONSISTENCIES IN TECHNIC 

Inconsistencies m technic arc far too 
common, and much m this book is fre- 
quendy violated or evTn unknown to suc- 
cessful surgeons without ddetenous dinical 
results Students wonder wh) some surgeons 
seem to have little difficult) with vvound 
hcalmg, while others arc alw'a)'s embar- 
rassed by infection The success of the group 
wiio have good results despite apparently 
careless asepsis stimulates contempt for 
aseptic technic m the student who docs not 
fully understand the complexity of the fac 
tors deter minin g whether or not the mevi- 
tablc contamination which occurs cv'cn wnth 
the most ideal technic will cause sepsis. The 
vanilcncc, kind, and number of contanunat- 
mg bactena arc important factors m deter- 
mining the madcncc of infccuon Organ- 
isms acquired m cnv'irons where there arc 
other wnunds or where disease is prevalent 
arc more facultauvx than arc those m iso- 
lated regions or dean homes " S)-mbiotJc 
types implanted together cause infccuon 
more rcadil) than do other bacicna 

The resistance of man) paucnls to m 
fccuon IS great, ciihcr because of their robust 
health or because ihc) havx dev doped a 
speafic resistance against the implanted 
organism b) prevnous exposure Dcbilit), 
malnutnuon metabolic dt^^casc, all under 
mine the paUent s resistance so that the 

" EditoriU VcoodATf Sgc p t ooxci J W mad lafcctraa 
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PRACTICAL DRESSING CAR 



true skill of a surgeon is measured by his 
success wth tlie poor risk or elderly patient. 

The mdindual surgeon’s techmc is the 
most important factor in determining the 
kind of Avound healing that wiM occur. The 
details of techmc ^\hlch favor kindly heahng 
appear insignificant but are of the utmost 
importance because their careful apphca- 
tion leaves a ^\ound in vhich there is no 
culture media for the fetv organisms Avhich 
arc ine\'itablv implanted. The skillful sur- 
geon avoids excessive tissue injurs' due to 
blunt dissection or needless exploration of 
tissue planes which frequently make a 
wound ten or tAvenrv times as larsre as an- 

* O 

other of equal length He keeps the wound 
moistened with isotonic saline so that the 
surface ceils are not desiccated. Ligatures 
include only the tip of the bleeding vessel so 
that nubbins of sloughing tissue do not 
result distal to eadi tie Sutures are care- 
fully placed and are pulled onl\ tight 


enough to approximate tissue \Mthout caus- 
ing its strangulation by occludmg the blood 
supply. Chemicals, such as germicides tvhich 
deritalize ts'ound surfaces, are not put 
into ^^'ounds Fmally, closure is carried 
out carefully so that tliere is a minimum of 
space left in whicli tissue fluids can accumu- 
late to support bacterial grow^. 

Techmcal considerations are responsible 
for the reduction of the meritable con- 
tammation of the wound by organisms from 
tlie skin, air, or hollow \nscus to a min imum 
so that the reparative process is not unduly 
handicapped by the need for eliminating 
bacteria Disinfection of the skm is possible 
but because it is usually a relative matter, 
the skm should be excluded from the opera- 
tive field by appljang sterile drapes up to 
the line of incision Careful ailing off of 
an infected or potentially septic field from 
the remainder of the wound is the ear 
mark of a skillful surgeon who limits j>oten- 
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tlal contamination to the field already m 
volved Properly used ultraviolet radiation 
decreases the amount of air borne con 
tammation Proper masking docs much to 
prevent gross spitting mto the Nvound and 
hence should be enforced Because masking 
is only relatively ciTcctivc, ho^vcvcr, those 
\v'ho harbor virulent organisms m their 
nasopharyngeal passage should be barred 
from the operatmg room No one wth a 
cold can consacntiously rely on a mruk to 
keep his patients safe fi*om infection 

I^dly w'ound hcalmg is more likely to 
occur when a ramimura of foreign bodies is 
left m the wound Only su/fiaent suture 
matcnal to gently approximate the tissues 
should be used Perfect hemostasu IcavTS a 
dr> wound without blood dots to nourish 
bacteria. The choice of suture material it- 
self mflucnccs wound healing “ because 
nonabsorbable sutures provoke a minimum 
of tissue reaction, whereas absorbable sur- 
gical gut stimulates sufBaent reaction to 
cause Its dismtcgration and removal Nub- 
bins of tissues distal to ligatures and large 
a\'ascular pcdidcs arc foreign bodies which 
scn.’c as culture media for organisms. 
Drains invite infection which they arc m 
tended to avoid ** In compound mjuncs two 
factors pla> a role — the extent and location 
of the wixind and the prromptness, type, and 
thoroughness of treatment Wounds con 
taming much traumatized rausdc, fascia, 
and bone ofTcr greater opportunity for o\*cr 

® SnAuiAuon P SHk Techohiue Experlioeaal Ob- 
Surgfr^ 7i^23 liMO 


whelming bacterial g^o^^'th, where the blood 
supply is unpaired by damage to, or liga- 
tion of, large \'csscls or by extrinsic pressure 
caused by a hematoma, displaced fracture, 
or swelling confined within a tight fisaal 
compartment Tourniquets and tight fitting 
casts often compromise blood supply suffi- 
acntly to accdcratc infection The ana- 
tomic nte also influences the madcncc of 
infection Wounds of the head, neck, thorax, 
and back arc prone to heal kindly unless 
they communicate ^vlth the caMlics they 
endose The muscular areas of tlic arms, 
buttocks, and thighs arc susceptible to 
infection 

Finally, those who have wntchcd the work 
of skilled plastic surgeons realize that ade- 
quate dressing, immobilization m a func- 
tional position, and dcMition to prc\~CDt 
edema and interference with blood flow arc 
factors which often turn the balance m fa\*or 
of prompt ^vound healing Because the sur- 
geon cannot evaluate the various factors m 
fluenang wound healing, except m retro- 
spection, It is his duly to control the tangible 
factors to the best of his ability Certainly, 
the aseptic treatment of his wound is an 
mherent nght of cs’cry patient Because so 
much of asepsis depends upon institutional 
effort, It is the responsibility of trustees and 
administrators to pnmdc the faahtics and 
devdop the disciplme essential for safe 
surgery' 

“DuvTfTY J E. aixl Benrou) T tS The U»c o( 
Sak la Thyroid Surgery Svi Cn O 01^ 69i44I-445 
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CHAPTER XX 


CONTROL OF COl^l^lUNICABLE DISEASE 


Often ICC wait for a catastrophe such as a fatality or a sates of deaths or an epidemic in our own hospital to 
call us to account for our methods 


— Frank L Meleney, 1935^ 


Communicable disease is of mterest to 
operatmg room personnel for several rea- 
sons In a broad sense, aseptic teclmic is tlie 
control of tlie communicable diseases, sup- 
puration, purulent edema, hospital gan- 
grene, erysipelas, and traumatic tetanus, 
those scourges which formerly limited sur- 
gery to the treatment of desperate condi- 
tions Now aseptic teclmic is taken for 
granted and ivound infections are often 
diought of as bemg quite apart from com- 
municable diseases, but the problem of 
controllmg wound infections is comparable 
to tliat of controlling measles OperaUng 
room superNTSors are often confronted by 
bewildered students seekmg explanations 
for mconsistencies m communicable disease 
technic ivluch violate the principles taught 
m tlie operating room Occasionally, a 
patient wath scarlet fever must have an 
appendectomy performed and tlie control of 
tlic communicable disease becomes an acute 
problem for tlie operating room supenasor 
Patients witli communicable disease, often 
imsuspccted, arc found cver^avlicrc in the 
hospital and arc a hazard to tlic personnel 
and otlier patients Tliey must be properly 
cared for wherever tliey are discovered 

^MEIX^T^, r L Infection in Clem Operative 
Wounds, SuT^ , Gy-n e Ob , 60 264, 1935 B> permission 
of SuTgny, Gyvcolog) & ObsUtnes 


Fmally, tlie gross dislocation of tlie popula- 
tion duimg wartime or disaster makes wade- 
spread knowledge of metliods for tlie control 
of communicable disease imperative 

Confusion regai'dmg communicable dis- 
eases exists because tlie terms “contagious” 
and “infectious” have not been precisely 
defined. A newer term, “communicable,” is 
better and should be given piefcrence be- 
cause It clarifies tlie application of control 
measures.- The concept of a communicable 
disease recognizes tliat tlie ctiologic organ- 
ism may be traiisfciTed in a vaiaety of ivays 
to a wcU uiduadual Tlic mode of transmis- 
sion oi tlie degicc of communicability vaiics 
greatly Witli clironic mfcctions, like actino- 
mycosis and tuberculosis, or m diseases ivitli 
a long period of meubation, such as t^qihoid 
fcvci', tlic degree of communicability and 
tlic mode of transference are difficult to 
detennme because tlie relationship betiveen 
tlic original sufferer and tlie new victim is 
often impossible to establish Yet statistical 
studies on student nurses or medical stu- 
dents clearly point to tlie easy communica- 
bility of tuberculosis and link tlic develop- 
ment of tlic infection watli tlic beginning of 
tlic student’s contact wntli patients If 
tuberculosis w^as an acute infection w'ltli a 

* R(ya:\AU, M J Prererhvf Mtdicinf a’td Hjgirn^ New 
\ ork D Appleton S. Co , 1 928 
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ihort incubation pcnod, like diphthcna, 
the proper point of vie\v toward its control 
would be spontaneous 

The majority of the agents responsible 
for communicable disease enter the body 
through the mouth- Food, ^vatcr, fingers, 
dust, and mouthed objects arc the mccham 
cal means of transfemng the infcctmg or- 
ganism The observance of ordinary sam- 
tary habits protects against many com 
municable diseases. Those who waA their 
hands before catmg and foUosvmg defeca- 
tion and keep their fingers away from the 
mouth and nose do much to protect their 
good health The remaining channels by 
sshich infection enters the body, the respira- 
tory tract and the ikm, arc also susceptible 
to control 

Communicable disease can be eared for 
quite easily m a general hospital where 
there IS no provision for isobnon, and no 
hospital can escape the rcsponsibihty for 
providing adequate protection for patients 
and personnel Early diagnosis and defim 
tion of channels of mfection ore unperativc, 
A minunum of equipment and a maximum 
of mtclhgcnt cooperation of all those who 
contact the patient, plus widespread knoivl- 
edge of the factors responsible for the spread 
of communicable disease, arc fundamental 
requisites for success The chief aim of iso 
lauon technic is the concentration of com 
municable disease by the meticulous a\*oid 
aocc of spread to uncontaminatcd objects — 
the rc\‘crsc of asepsis Because most of the 
organisms responsible for communicable 
disease arc moist and nonsporeforming 
''hen eliminated from the host, sanitation 
rather than stcnlization can be relied upon 
to dcstro) them This fact expedites the 
technic of canng for patients with communi- 
cable disease 'siihoul sacrificing the personal 
*afct) of the nurses or attendants 

A successful communicable disease tech 
oic can be elaborated if tlic diseases arc 


grouped according to their most important 
channels of infection and their degree of 
communicability * The optimum pomt of 
control IS the channel of i^ccuon The dili- 
gence with which that channel of infection 
must be controlled depends upon the degree 
of communicability of the disease. A classifi- 
cation of communicable disease which per- 
mits the apphcation of a simplified technic is 
shown m figure 236 The groupmg according 
to mode of transmission is obvious. The desig- 
nation of degrees of contifet with the channel 
of infection, figure 237, is the key to expe- 
diting the tcchiuc so that it is practicable. 
The table correlates the mode of transmis- 
sion with the degree of contact and outlmcs 
the precautions necessary in each ease. 
Figure 238 outlmcs the sanitation necessary 
for disposmg of equipment, hnen, etc., used 
m carmg for patients with communicable 
disease. Here agam, the task is simplified 
because only the items which scrv’c as a 
channel of infection need be sanitized 

A technic based upon the tables can be 
apphed m the hospital or home by anj’onc 
who imdcrstands the prmciples upon which 
they arc based Because local conditions 
vary grcatlj, only the bare outline of a 
technic for the control of communicable 
disease will be presented \\hcn communi- 
cable disease has been diagnosed, the doctor 
immcdiatcl) defines the channels of mfcc- 
uon by ordering observance of comraum- 
cablc disease prccauuons of the tjpc indi- 
cated m figure 236 The degree of contact 
with that channel of infection determines 
the elaborateness of the precautions which 
must be taken OnI> three degrees d" con- 
tact arc specified to *:implif) administration 
but It must be rccogmz^ that a clo^ divi- 
sion IS often impossible. The Iiazard of the 
contact IS governed b> the intimac) and 

*WtAJL«t J T TVt^fw Uotvmlry 

lIo*ptUli c/ Orktliad, No^rmber 1937 
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the duration of the exposure to the patient 
or contaminated equipment 

Close contact has been defined as mtimate 
and prolonged association with the patient, 
such as is me\ntable when makmg a physical 
examination, givmg treatments, carrymg on 
morning and evenmg care, feedmg a very 
ill patient or takmg the temperature of a 
helpless patient Because visitors cannot be 
adequately mstructed, they are considered 
as ha\ang close contact \vith the patient 
except where the discharge from localized 
infection is controlled by adequate dress- 
ings 

Moderate contact is defined as bnef ex- 
posure such as occurs durmg local exami- 
nations, adjustmg the beddmg, taking the 
temperature, helping with a tray or aidmg 
the patient with the bath The contact 
must be limited to the hands and care 
must be taken to prevent contammation of 
tlie uniform Ward maids and other non- 
professional workers who perform services 
wliich do not require contact with the 
patient are included m this classification 

Minimal contact is considered to be a 
bnef wsit to tlie paUcnt to remove the tray, 
check on the condiUon of tlie patient or to 
ans\ver tlie call bell At most, there is only 
hand contact 

It is mcumbent upon the hospital to 
ehcit the cooperation of the patient and 
educate him m simple measures which aid 
in checking the spread of his disease 

Equipment for communicable disease 
technic is illustrated m figure 239 The 
patient's bedside table is burdened with 
only one piece of equipment for the care of 
communicable disease It is the paper bag 
which is attached to the side of the table to 
accumulate tlicrmomcter wapcs, swabs, and 
tissues used in place of handkerchiefs An 
extra bedside table is prowded for the 
supplies essential for actual care The top 
of tins table provides space for a basin filled 


with 1 • 1000 aqueous Zephiran solution and 
a stack of paper towels The top shelf pro- 
vides space for a clmical thermometer stored 
m a thermometer glass con taming 1 1000 
aqueous Zephiran, a supply of gauze or 
paper wipes m a paper cup, a daub of 
petroleum jelly m a paper cup if a rectal 
thermometer is bemg used, talcum powder 
and bathmg lotion If rubber gloves are 
mdicated, they are also kept here On the 
bottom shelf, eqmpment, such as icecaps, 
hot water bottles, and the like, is kept A 
large pail is located on the floor beside the 
table A chair, a hamper frame, and a white 
duck bag complete the bedside equipment 
If but one nurse is responsible for the pa- 
tient’s care, a hook is provided for her gown 
If the patient is bemg cared for on the 
open ward, the curtams are kept drawn on 
either side of the bed for groups 1 and 2 
and a portable ultraviolet radiation barrier 
can be temporarily mstalled to prevent 
cross-contammation It must be recognized 
that the factors descnbed m Chapter XIII 
are of equal importance m communicable 
disease technic and that ultraviolet radia- 
tion supplements control but does not elimi- 
nate the need for “reverse asepsis,” 

The prime essential for success is time m 
which to perform the various steps of the 
techmc conscientiously Too heavy a case 
load mvites short cuts and slipshod technic 
which result m disaster A second essential 
is the provision of adequate supplies so 
that caps, masks, and gowns are available at 
all times Hand-washing facilities must be 
ubiqmtous This does not mean that lava- 
tories and runnmg water must be provided 
everywhere but rather that basms with a 
germicidal detergent are placed at each 
isolation unit so that hands can be dism- 
fected quickly and comfortably as a routme 
measure The hands are then dried on paper 
towels \\'hich are discarded into the waste 
pail If rubber gloves arc worn, they arc 
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CLASSmCATION OF CO\f\fUNIGABLE DISEASE B\ CHANVEL OF INTECTION 
Group I Ehjchargc from mouih and nose, ihcreforc, chiefly air borne — ropiratory dtseoAO 

A. Highly communlcabk 

Chicken po* Influenza Poliom>Tliiij 

Diphtheria Measles Prittacosis 

Eocephahuj Icthargica Mumps Smallpox 

Mcnmgococcuj mcnlngids Penu^ Virus pneumonia 

German measles 

B Less commumcablc 

Pneumococcus pneumonia \'lnccnt t stomatitis 
Pulmonary tuberculosis Scarlet fc\-cr 

Streptococcus sore throat 

Group II Excreta, therefore food or fomltca bomc. Files must be controlled — "entcnc dtseajcs 
Amebic dysentery PoUom^'cUils 

Bacillary dysentery Tubcrculoiis of the gastn>*lntcsiinal and geniU>*urinar) tracts. 
Typhoid fever 

Group III Discharge from local Infection 
A Wovkit 

Actloomycosit Surgical tuberrulom lesions 

Anthrax Tcomus 

Gas gaogTcae Tularemia 

Suppurating wounds 

B. Discbargts Jnm 

Gonorrhea — eyes and genlttnunnary tract 
Tuberculous mastitis 
Trachoma 
Puerperal sepsis 

C. Local or iha tB/tchw 

Erysipelas Impetigo 

Fungus Infcctloos Leprosy 

Glanders Primary and secondary syphilis 

Group IV Parasitic Infcsudoo 

Scabies 

Pcdiculosa 

Ticks 

Group V Diseases communicated fcr> sxetor other than man 

Malaria Typhus 

Rock) Mounum spotted fevxr Utidulant fever 

Ftocat 256 
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TEaLVIC FOR DISPOSAL OF CONTAMINATED EQUIPMENT AND SUPPLIES 


CUss^thon 

/ 

11 

Ill 


bunder after each me 

bunder after each use 


Glos-es 


disinfect after each use 

1 wash wath Hmepaste 

2. rinse 

3 boil 15 niinuta 

4 steam stcriltacr 30 mio 
— 121 C 

tame as instruments 

I[i5tnJincDts 

uTuh or wpe wth 1 1000 
NaOCl 

wash OT wipe with NaOCl 

sterilize in 2% NaCOi or 
1 Cr*e soap 1 00®C — 30 mm 

Diciiingi 



bum 

Doha 

boil 15 minutes 

bofl 1 S minuta 

usual care 

Food ExcrcU 


protect fmm fila 

wrap dry food In paper and 

boU liquid 15 min 
steam excreta or bedpan 
mix equal quantity of S% 
chlorinated lime vdtb ex 
creta and let stand for one 
hour 

boil bedpan 15 min. 
boil bath water 15 min. 


Drylioen 

gatber into dean, bea %7 
duck bag marked coo* 
munieable 

empty into breaker vnih 
ajqiik technic 
throw bag in 

break 20 nun. with cold water 
add at Icaft 3% soap 
heat to boiling 
rinse 

treat as ordinary bundry 



\Nct linen 




Uoolmi 

itcpi 1-5 as abtnx 
heat to 71 C — 30 raio 
rinse 

finish as other woolcru 



Terminal 

launder linen, bbnkels, curtains aod screens 
disinfect fuTTuture, bed, and cquiproeni by washing with ger 
nundc 

wash floor and dust catching nlU, shehxi with pmalade 
dry pniowi and maitrcssa thoiwghly before using again 
disperse aenyol to disinfect cubkJe 

steam iterilizauon etsenual for pflJowT and mattreJars In 

Group IV 


Ftcina 233 
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\va5hed in the Zephiran before removal. 
They are turned inside out as they are re- 
moved and carried in a clean paper towel 
to the utility room for sanitization. A third 
essential is cooperation on the part of those 
\\ho collect the contaminated articleSj laun- 
der them, and return them to circulation. 
A huge mventor\* of supplies is a liability 
when it is piled in the laundry* instead of on 
the hnen supply shelves A fourth essential 
consists of appropriate facihties for the col- 
lection and disposition of discarded articles. 
Too often, such items are permitted to 
accumulate m the utihty room or clutter 
up the floor in the corridor because facih- 
ties for their prompt disposal are not con- 
sidered essential. Dry* \vaste is \%*rapped in 
clean ne^\■spaper and deposited in a “com- 
municable” ^^'aste can. This can is emptied 
directly into the incmerator by a properly 
insrructed member of the housekeeping 
stafi". It is most convenient to collect such 
cans at a set hour of the day, incmerate their 
contents and clean and sanitize the cans by 
exposing them to live steam before the)* are 
returned to the indi\*idual \vards. Lasdy, the 
technics for the control of air-bome bacteria 
discussed m Chapter XIII must be imd er- 
st ood and dihgently applied. 

Insoluble food is collected in a ^\■aterproof 
paper bag. The bag is reinforced by i'.*rap- 
ping it m several layers of newspaper and 
discarded in the communicable -waste can. 

Dishes are most readily disposed of by 
loading them into a dish sterilizer to which 
suScient detergent is added so that the 
dishes are cleansed ^\■hile they are boiled 
for fifteen minutes Because most hospitals 
do not have adequate dishwashing or steri- 
lizing equipment, the general problem of 
pro\'iding sanitary dishes for patients and 
personnel is acute 

The sanitization of dishes can only be 
proved by bacteriologic examination but 
bacteriologic tests are inefiectual in that 


they can only be done periodically and have 
no significance m the routine handling of 
tableware since it is impossible to wait for 
culture reports A practical routine is fre- 
quent inspection of the dishivashmg proc- 
ess \\ith occasional bacteriologic examina- 
tions to sen^e as a check on the inspector. 
Wflien eflScient detergents are used ^ almost 
all bacteria are removed by the dish ivater 
and the dishes are left clean, whereas dis- 
infection of incompletely ^vashed dishes, 
either by a rinse in germicide or exposure 
to ultra\dolet radiation is inefiective The 
ultimate test, therefore, for sanitization of 
dishes is perfect visual cleanhness The 
grossly unclean dish or piece of silvenvare 
is not dangerous because it is not likely to 
be used. In inspectmg tableivare for cleanli- 
ness, it is imperative to pay attention to 
thin, almost in\-isible films of food residue 
^vhlch shelter underlymg bacteria Special 
equipment is available for detecting greasy 
films on glassware The water break test 
described in Chapter X\T is a useful pro- 
cedure. 

A more reliable method is the routine 
sujjerrision of the dishwashmg process The 
maintenance of a good detergent solution 
at a minimum pH of 10.5 is essenUal The 
solution must be clean and should have a 
temperature above 50°C Rinsing m clean 
water at SO^C is sufficient to turn out sani- 
tized tableware The pH value can easily 
be determined periodically by dippmg a 
s ma ll fragment of phenolphthalein test 
paper into the dish ivater. Sufficient deter- 
gent should be added to maintain a deep 
pink color. If the test paper remains light 
pink, the water is too \seak; if it turns deep 
red, the strength is unnecessarily high 

!Many sanitized dishes are contammated 
by drying ^\•ith dirt}* towels The safest 

* Haix, G. O. and Scm%ArTz, C Sarutarj Value 
o'" Sodijas Metapboipbatc la Djh %7.<hing, IrJ S’ 

C-L— , 29 421, 1957. 
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technic is to nnsc chmawarc ^vlth water 
fufTicicnlly hot so that drying occurs, due to 
evaporation Silvcns’arc usually cools too 
rapidly, however, and must be dried by 
toweling Wherev er to^^'els are used, an 
adequate supply must be available and 
each one used should be discarded before 
it becomes badly soiled Tableware should 
be handled as little as possible after it is 
saniUzcd Dish handlers with respiratory 
infccuons must be masked Dishes must be 
picked up by their edges, cups and ulvcr- 
Vk'arc by their handles, and glass\N'arc by the 
base if the chain of sanitization instituted by 
proper >v’a3hing is to remam unbroken In 
rclati\*cly closed commumucs, such as hospi- 
tals, much can be done to control epidemics 
of respiratory and cntcnc diseases by con 
taenUous observance of these rules. 

All excreta, bath \vatcr, and mouth wash 
arc carefully discarded into the Ims-cst part 
of the uuUty room hopper and flushed away 
v.ith cold ^^atcr followed by thorough 
nming with hot water Splashing and spat- 
tering must be a\oldcd A any pmch of 
mcihjlcnc blue added to the bedpan just 
before It Is emptied is a ready check on 
technic. The bedpans, unnals and basins 
should be sanitiz^ by boiling for fifteen 
minutes. In communities where sew'agc dis- 
posal practice docs not pi^ndc adequate 
control for cntcnc disease, these fluids must 
be disinfected b) the nddiuon of chlonnatcd 
lime. A \“olume of 5% solution cquw’alcnt to 
that to be disinfected sufRccs. The penod of 
exposure IS one hour 

The follossing dcscnption of the morning 
care of a patient sufTcnng from communi 
cable disease is mdicali\c of the of pro- 
cedure which must be elaborated to care 
for all of the patient's needs, suitable modifi 
cations being made to co\*cr each fubdm 
»ion of the classificauon In figure 236 

/Ml the supplies arc earned to the isolation 
tinit as the imtial step m beginning a proce- 


dure. They can be placed in their respeemr 
posiUons wnthout protection, other than 
masking, if care is used to prc\*cnt self 
contaminauon Clean tm\cls and bedding 
arc piled on the chair, figure 239, 2 A 
paper bag, dean hamper bag, and folded 
newspaper arc placed on the Im\cr shelf of 
the extra bedside table, figure 239, 3 A 
basm of w'arra whaler is placed on the bed- 
side table, figure 239, 4 The wnst waitch is 
rcmmtxl and placed on a paper imsad on the 
rear comer of the extra table, figure 239, 5 
A precaution gosm is next put on 
In a Nvard where man> individuals con- 
tnbutc to the care of the pauent, it is best 
to provide fresh gowms for each person who 
enters the isolation unit. Otherwise, cardcss- 
ncss on the part of one individual subjects 
subsequent persons to contammauon over 
which they have no control WTicrc one 
individual is charged with the care of the 
patient, a single gown can be used through- 
out the da> A technic for handling the 
gcnvTi 13 shown in figure 242 
The routine care of the patient is po 
fonned Soiled linen is rolled and dropped 
into the hamper bag is soon as it is removed 
from the bed, figure 240, 6 A gauze pad 
dampened with 1 1000 aqueous Zepluran is 
used to dust bed, tables, and chair and is 
then discarded into the waste pail TTircc 
sheets of newspaper arc op)cned out and 
placed on the floor near the cxim table, 
figure 240, 7 The paper bag attached to 
the bedside table is discarded on the newv 
paper and a dean one put m its pbcc fig 
urc 240, S The contents of the waste poil ire 
dumped onto the newspaper, figure 240 9, 
and the papers arc rolled into a Ught bundle, 
figure 240, W Twx) layers of newspaper arc 
spread on the floor at the cnirincc to the 
isolauon unit b> another nurse and die 
bundle of contiminated waste is depcriicd 
in the center, figure 241, // Tlie second 
nurse wraps it muglj for dispouiioi m i 
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waste can provided especially for discard 
from patients wth communicable disease 
The hamper bag is removed from the frame, 
figure 241, 72, the drawstrmg is pulled 
tight and knotted The second nurse brmgs 
another hamper bag to the door of the unit 
and helps spread the top of the second bag 
so that the one contammg the contami- 
nated Imen can be mserted mto it, fig- 
ure 241, 13 The second bag is taken out of 
the isolation unit, closed tightly, and la- 
beled \\ath a red tag marked “communi- 
cable,” figure 241, 14 A clean hamper bag 
is suspended on the frame 

The nurse then removes her gown and 
discards it mto the fresh hamper bag She 
empties the bath basm m the utility room, 
usmg care not to contammate push plates, 
faucet handles, and the hke en route, and 
puts the basm m the utensil sterilizer The 
hands and lower arms are then rubbed 
vigorously with 1 1000 aqueous Zephiran 
for two minutes; the hands are dried on 
paper towels and the watch is put on, 
figure 241, 15 The paper towel protecting 
the watch from contact mth the table top 
IS discarded, figure 241, 16 

The basin of Zephiran should be replen- 
ished daily The clean hands are protected 
with paper towels while the basm of Zephi- 
ran is carried to the utihty room and 
emptied The basin is sanitized by boihng 
The paper towels which protected the hands 
are crushed \\ath the contaminated surfaces 
mside, \\Tapped m a fresh towel or piece of 
newspaper and discarded mto the com- 
municable waste can 

Wfiien the isolation unit needs cleanmg. 
It must be done under the supervision of a 
nurse who is illmg to watch the procedure 
carefully enough to guarantee its safety 
Cleanmg is done wath a 1 1000 solution of 
chlorinated lime or 1 2500 solution of 
Zephiran A damp mop must be used rather 
than a broom or dry mop, both of which 


stir up dust which is a dangerous source of 
organisms ^ The usual care of the mop and 
pail suffices when sodium hypochlonte 
solution IS used. 

Sufficient equipment must be provided 
so that contammated basins and the like 
can be accumulated m the utensil sterilizer 
imtil it is loaded instead of stenlizmg those 
from each patient separately The eqmp- 
ment is samtized m bodmg water for fifteen 
mmutes and then carefuUy washed to make 
it appear clean 

When a gown is used repeatedly by the 
same mdividual throughout a day’s work, 
the foUowmg technic is justifiable A well- 
fitting gown IS essential to avoid contamina- 
tion To remove a gown from the hook, the 
hands are slipped m the back openmg, 
avoidmg contact with the contammated 
side of the gown The shoulder seams are 
grasped and the gown is lifted from the 
hook, figure 242, 7 The hands and arms 
are slipped mto the sleeves just as described 
m figures 160 and 161 At the stage where 
the circulatmg nurse would help to complete 
donnmg the gown, the nurse helps herself 
by graspmg the top edge of the collar and 
snuggmg It around her neck, figure 242, 3^ 
so that the top tie can be fastened, fig- 
ure 242, 4 The back edges of the gown are 
grasped m the fingers so that the left side 
can be tucked beneath the right, fig- 
ure 242, 5, 6, to completely cover the uni- 
form The belt is crossed m the back, fig- 
ure 242, 7, and tied m the front with a bow 
knot, figure 242, 8 The sleeves of the gown 
are slipped upward to expose the lower half 
of the forearms when indicated The sleeves 
must not be rolled If the cuffs are too loose 
to hold the sleeves up, rubber bands should 
be applied to prevent the cuffs from slippmg 
dowm over contammated arms 

‘ Walter, W G and HucjvEr, G J Beta Hemolytic 
Streptococci Isolated from Pubhe Room Floors, J Infect 
Dis,7l 237-240, 1942 
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Gk)wiis are removed by untying the belt 
and dropping it to the sides, figure 243, 7 
The sleeves are pushed up to the elbows 
and the hands and arms are washed The 
tie at the neck band is next loosened, fig- 
ure 243, 2 Two fingers of the right hand are 
slipped beneath the left cuff and the cuff is 
pulled down over the hand, figure 243, 3, 4 
The right cuff is grasped m the left hand 
and stretched sufficiently so that the cuff 
works off the right hand without causing 
mversion Care must be taken not to con- 
tammate the hand with the left sleeve, 
figure 243, 5 The gown is slipped off by 
working the hands up the inside of the 
sleeves until the shoulder seams have been 
reached The shoulder seams are grasped 
and the gown is folded longitudmally so 
that the uncontammated surfaces are m 
apposition, figure 243, 6 The collar is then 
propped upward with the thumbs and 
grasped at the center front with the right 
hand as it is shpped from the inside, fig- 
ure 243, 7 The left hand grasps the ap- 
proximated edges of the back of the collar 
and the whole is gathered together toward 
the center, figure 243, 8 The gown is then 
hung on the hook at the level of the shoulder 
seams, figure 243, 9 If the gown has been 
wet. It IS discarded in the hamper 

TERMINAL CARE OF A UNIT (rOOm) 

The purpose of terminal care is to disin- 
fect the room and its contents and prepare 
It for occupancy The equipment which 
must be provided includes three sections 
of newspaper, two bath basins, a pail con- 
taining a solution of 1 1000 sodium hypo- 
chlontc, several pads of washed gauze, and 
a pressure atomizer contaming a pint of 
0 5% sodium hypochlorite solution Two 
sections of newspaper are spread on the 
floor near the door of the unit The cleanmg 
equipment is put on one section The third 
section IS folded mto quarters and placed 


on top of the extra table The wnst watch 
IS removed and a precaution gown put on 
with usual technic AU the eqmpment suit- 
able for sanitization by boilmg is collected 
m one bath basm. That which must be 
taken care of by chemical disinfection is 
collected mto the second basm AU dned 
waste IS accumulated on the second section 
of newspaper The hnen and blankets are 
stripped from the bed and put mto the 
hamper. The bed is washed thoroughly, 
particular care bemg taken to clean the 
rails The springs need not be cleaned 
mechanicaUy The bedside table is washed 
thoroughly The remammg furmture and 
the wmdow ledges are dusted with a pad of 
gauze dampened m germicide The news- 
paper which was folded m quarters is opened 
and placed, clean surface down, on top of 
the bedside table The basm of Zephiran 
and the towel upon which the watch was 
placed are moved to the clean newspaper 
and the second table top is washed If the 
walls have been grossly soiled, they should 
be washed, otherwise, they can be dis- 
regarded The hamper bag is next removed 
from the frame, closed tightly, and placed on 
the floor The hamper frame is cleaned The 
sponge used for washmg and dusting is dis- 
carded on the newspaper on which dry 
waste IS piled A second nurse spreads 
several sheets of newspaper on the floor 
outside the unit to receive the bundle of 
dry waste This nurse also holds open the 
clean hamper bag while the bag containmg 
discarded Imen is mserted This second 
bag IS propped on the floor leaving the top 
open The gown is then removed, rolled up 
with the contaminated side innermost, and 
discarded mto the open bag The hands are 
then disinfected The basm containmg the 
utensils, etc , is earned to the utensil 
sterilizer for sanitization Both the waste 
pail and the scrub pail arc placed in the 
sterilizer A clean paper towel is spread on 
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the second table and the basin of Zephiran 
and several additional towels arc moved to 
that table. The nc\vspapcr on the floor is 
rolled up and placed on the nexs-spaper 
which covers the bedside table. The hands 
arc disinfected The basin of Zephiran is 
earned to the utility room, usmg paper 
toN\‘cl3 to protect the hands. The Zephiran 
IS spilled mto the hopper and the basm is 
added to the accumulation m the utensil 
itcnlircr The newspaper on the bedside 
table is wrapped mto a snug bundle, care 
being taken to touch only the dean under- 
surfece This padcage is then discarded mto 
the communicable ^vastc can 
With the mattr ess doubled over at the 
head of the bed, the exposed spring is 
sprayed with the power atomizer to dis 
lodge the dust- The mattress is pulled to 
the foot of the bed and the upper portion 


of the spring is similarly treated Only sufli 
aent aerosol to dislodge the dust and not 
enough to moisten the spring and cause its 
corrosion is used The nurse then stands m 
the doorway and atomizes sufficient h)’po- 
chlontc solution mto the room so that there 
IS a distinct fog The door is then dosed 
for thirty mmutes At the end of this penod, 
the atomizer is agam used to devdop a fog 
and the door is dosed a second time At 
the end of the hour, the floor is dusted with 
a mop dampened with 1 1000 hypochlontc 
solution and the room is ready for use. 

If the isolation unit cannot be dosed, 
aerosol cannot be employed successfully 
and \vashmg with germicide must be sub- 
stituted If curtains are used to screen the 
cubidc, they must be removed and placed 
m the hamper before it is rcmos’cd from 
the frame. 
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CHAPTER X\I 


MAINTENANCE OF STERILIZING EQUIPMENT 


... of all the fqmpmait ni Ihr hospital, possibly withoul exception, the 
or abuse than any other fixtures. 


sterilizers are subject to i^reatcr neglect 
— Henry IIedden, 1925 * 


Anyone experienced in stciilizing lOom 
acUvilics leah/cs that the maintenance of 
equipment is an essential pai t of the aseptic 
ticalmcnt of wounds Stciilizcis that aic 
out of 01 der ai c a fi equent cause for unstcrilc 
goods reaching (he opciativc field. Often 
those who operate the stciili/eis know tliat 
they aic faulty but find it imj)ossiblc to 
elicit the intcicst and coopciation of me- 
chanics to icpaii (licm The maintenance of 
sterilizing equipment has two aspects — 
that of maintaining the piopci dcgicc of 
heat and that of keeping the mechanical 
pails such as doors, lids, tiay lifts, checks, 
etc., in good woiking oidci. Stciilizing 
equipment is mechanically simple and 
thcic IS little excuse foi the dilajDidatcd con- 
dition of steiih/ci's m most hospitals because 
a minimum of ciToi t expended in adjusting 
and cleaning the appai.uus and lubricating 
moving paits keeps the equipment in good 
oidci The picvailing attitude among hospi- 
tal mechanics that stciilizing equipment is 
complicated and hence icquiics the atten- 
tion of factoiy scivicemcn is an excuse for 
gross ignoianccoi a dcsiic to avoid lesponsi- 
bility. In fact, stciilizing equipment is so 
simple that it is not too much to expect 
those who aie sufiicicntly intelligent to be 


cntiustcd witli its opciation also to assume 
some icsponsibility for maintenance. In- 
deed, abuse of stciilizing equipment leads 
to many unncccssaiy icpaiis. This chapter 
deals with tlic maintenance of the piopci 
heat and sti esses the opciatoi’s icsponsi- 
bility for piotccting the equipment he uses. 

All types of stciilizci's have much equip- 
ment in common and knowledge of function 
of the various pai ts of a stci ilizci pci iniLs in- 
telligent maintenance. All stciilizci's have a 
souicc of heat. The chief pioblcm cncoun- 
tcicd hcic is the deposition of lime salts on 
the heat exchange sui faces in haid water 
legions. Thac aic scvcial practicable 
methods of contiol The best is the installa- 
tion of watci softening equipment so Uiat 
the watci supply to stciilizcis is iid of the 
soluble calcium and magnesium compounds 
which aic the soiiicc of the scale. If ccntial 
watci softening is not feasible, a softener 
such as Calgon can be mctcicd into the 
water supply to individual stciilizcis so tliat 
peak efficiency is maintained Lacking 
water softening equipment, the heating 
sui faces must be cleansed pci lodically The 
technic foi cleansing vanes \vith the kind 
of scale deposited In some aicas, it is soft 
and can be sci.ipcd oi chipped off easily 
In otheis, it is hard and must be dissolved 
with dilute hydiochloiic acid Electrically 


' HinniN, IIrNU% aiic Stcnli/mR 1 qiiipmcnl of (he 
lospital, Mod Itosj., 2-1 298, M.arch, 1925 
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healed or gas fired stcnlizcra require par- 
ticular attenUon to this detail of maintenance 
because excessive scale formation may cause 
ovcrhcatiDg wth consequent damage to the 
heating elements 

Another solution of the hard \N'ater prob- 
lem IS to install central steam generating 
equipment where the deposiUon of lime 
salts IS centralized and eared for with rou- 
tme operation of the boiler There is no real 
need for any equipment other than direct 
steam heated dressmg sterilizers and stills 
so that the avoidance of scale formation can 
be limited to the care of the central boiler 
The objccUons to this soluUon arc its iniual 
cost and the careful planning required 
Automatic oil bunung steam generators 
are available that can be installed and 
operated economically without the services 
of a licensed engineer • 

STCAll IffiATED EQUrPlIENT 

The essential elements of the con^Tnaonal 
central steam pbnt arc diagramed m fig 
urc 32 The source of steam is the boiler 
which may be fired by coal, oil, or gas An 
clectncaUy heated boiler is also available 
To insure smooth performance, a higher 
pressure of steam is mamtamed in the 
boiler than m the steam mams throughout 
the building A pressure reducing valve 
located ostt the boiler mamtains a $tead> 
pi'ossurc in the steam mams Because the 
steam m the pipes condenses, proMSion 
roust be made to remote the condensate 
from them at \anous pomts where expen 
cnee has iho%s’n it to accumulate T)ptcal 
points arc at the foot of risers or at the 
end of long horizontal runs, figure 32. Con 
densate b rcmo\cd b) the simple expedient 
of msertmg i dnp pocket to catch the 
condemate and a return trap to shunt it 
Into the return pipes to tlic boiler Insialla 
fion of such traps nds the steam of excess 
Typified by Clca\Tf Dcoolj SttAm GcMratort 


STEAM HEATED NONPRESSURE STERILIZER 



moisture and prexTrots the water Iiammcr 
which otherwise occurs when steam is first 
turned mto equipment which has been idle 
for a time. The water hammer results from 
the collapse of the steam when it strikes 
condensate that has pooled m low pockets 
or dead end pipes 

NOVPRESSURE STERILIZERS 

The simplest circuit for direct steam heat 
15 illustrated b> the nonpressure stcnlizcr, 
fipirc 244 The steam 5uppl> is controlled 
b> a I’aJi-c, figure 245 There are lu-o parts of 
this valve which need maintcnnncc (I) The 
packing about the stem wears and 

steam or condensate leaks b) This results in 
an annojang dnp and frcqucnll) bums ihc 
fingers of those who curl them about the 
handle of the vzdve w hen opening or clo<ing 
iL The \’aK*c stem packing nut can caul> be 
tightened just enough to stop such leakage 
In a bus) itcnlizing room, the stem gbnds 
should be chccled at wecklj intervals Tho<c 
who use the % 311*0 can prolong the life of the 
stem packing b) opening tlie \al\T full rver^ 
time so that the upper *cit on the nlir 
stem closes and rclicx'cs the steam prcsnxrc 
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CONVENTIONAL VALVES 



ANGLE VALVE (closed) 



STRAIGHT VALVE (open) 
FiGtTiz 245 


which othen'.ise is exerted on the stem 
packing. (2) The valve disc ^^ears just as 
the \vasher in a lavaton* faucet ^^•ears and 
permits leakage (Continued leakage may 
result m wire cutting of the valve seat The 
\-alve disc is easily replaced by unsc^e^^•ing 
the bonnet nut and substituting a ne%v one. 
a\*ailable from any steam specialties store 
Should the disc holder become vom, it too 
rpn be replaced. Excess ^^•e^^ on the valve 
disc and seat can be avoided by closing the 
valve just tight enough to shut off the 
rteam Excessi\ e force jams the disc against 

[3 


the seat and causes early wear Such valves 
are not intended for use as throttles and 
must be left in either the closed or open 
position. Use as a throttling valve causes 
the disc or the seat to become tMre cut 

The heatmg coil is usually made of copper 
tubing and is proportioned to the capacity 
of the sterilizer so that rapid heatmg is 
possible It must be kept clean to permit 
maximum heat transfer from the steam 
inside the coU to the water in the sterilizer. 
To effect this heat transfer, steam under 
maximum pressure must fill the heating 
coil at all times, and the condensate, which 
forms as the heat is extracted from the 
steam, must be removed from the coil 
continuously. An automatic valve performs 
this function, figure 246. In sterilizer prac- 
tice, this val\'e is operated by a bello^^'s 
which hfts the poppet from the seat each 
time cold condensate contacts it.® The con- 
densate IS then forced through the orifice in 
the seat and steam takes its place The 
steam heats the bellcnN-s, causing it to expand 
and force the poppet against the seat, closing 
the valve The condensate from the trap is 
returned to the boiler through the return 
hnes which empty mto a tnnk near the 
boiler. The condensate from this tank is 
pumped back into the boiler, usually by an 
electric pump, figure 32. The chief cause 
of failure of this simple heating system 
is faulty clearance of condensate which is 
usually due to faults m the return line or in 
the boiler room. Occasionally, it is due to 
failure of a bello^v's in the return trap so 
that it does not operate the poppet prop- 
erly. K the poppet fads to close, back pres- 
sure develops in the return fine so that the 
traps connected to that return do not open 
properly and the heating coils are choked 

-XAPrnp-ADLAJtjT. Strain Traps and Tbnr Character- 

iruc. Hr:’ & 1 rrjJct -g, 34 ' — ' I, Juls, 1937, 51-^4, 
-Augi-n, 1937, 69-71, September, 1937, 51-53, October, 
1937 
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STEAM RETURN TRAP 



To f*t«m 
Figure 246 

^vlth condensate. If the trap fails to open, 
the individual sterilizer docs not heat To 
correct the situation, the thermostatic trap 
u opened and inspected All dirt is removed 
The trap cover is then replaced and steam is 
blo\Mi through the trap for a few seconds to 
dear all dirt from the steam coil and pipe 
leading to the trap The bellms’s is then re- 
placed and the cover secured To check the 
action of the trap, the return Une from the 
trap Is opened and the discharge collected 
mto a pail Normal thermostatic trap 
action results m an mtermittcnt discharige of 
condensate svith but httle steam A trap 
that doses tightly for more than fifteen 
seconds holds excess condensate in the 
heating coil and hence decr ea ses heat trans- 
fer Continuous discharge of steam through 
the trap indicates faulty dosurc 
A check valve is usually installed foUow- 
wg the trap to prcv'cnt condensate from 
being aspirated into the heating cod to rc- 
heve the racuum that f o rms as it cools. 
Failure of this check \’alv*c is indicated by 
a \Natcr hammer ^^hldl occurs when steam 
u readmitted to the cod and condenses in 
contact with the cold wntcr figure 36 
Some steam heated nonpressure slcn 
j“crs arc equipped with excess \-apor regu 
“ton which throttle the steam supply, 
figure 27 These dc\icc 3 must be repaired 
the factory and should not be tampered 


WATER SUPPLY VALVE— BLEEDER TYPE 


t 

S7S cm. 
rl«t to clr bTMt 



With WTicrc a by pass is depended upon to 
supply su/Haent steam to maintain boiling 
the stcnhzcr must be cheeked pcnodically 
to be sure that the w-aicr is mamtamed at 
Its boding point This can only be done by a 
thermometer because con\cction currents 
arc sulBdcntly strong at 5® bdo\s the boding 
pomt to cause the lm^sa^y to mistake them 
for bodmg 

A special water supply \nKc is used to 
protect some slcnJizcrj agiinsi contamma 
lion, figure 23, 2. This Nah-c difTcrs from 
com-cnuonal \*alvcs m that the bonnet is 
tapped, figure 247, to proMdc for a bleeder 
which cames awny any water that accumu 
latcs. Leakage past the dosed mUn-c up to 
fnc hicrs per minute can escape to the 
dram through the bleeder UTien die Nali-c 
15 opened wide, the upper or back <cat is 
do5^ to prc\-cnt waste of water To be 
cfTccUN-c, this Nralx-c must be located at least 
58 cm bdm\ the air break to insure suffi- 
acni gravity head to discharge ihrouch 
the bleeder Leakage at the stem glind is 
cheeked by ughicning the p,icljng nut 
The vahr di«c or its holder can casdv be 
replaced to correct leakage. 
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PRESSURE REGULATING VALVE 


Pilot tube to sterilizer 



ClIlESSINO ffTERILEXRS 


The conventional steam jacketed dressing 
sterilizer, arranged for direct steam heat, 
u illustrated m figure 248 The suppl> of 
^tcam IS controlled by a val\*c similar to 
tHosc shossn m figure 245 A leaking steam 
supply s’alvc floods the pressure-reducing 
'■alvc and often the jacket of the sterilizer 
"■Jih condensate. WTicn the steam is turned 
^ It contacts the cold condensate and 


tt^lap<c 3 , causing a ^^“ltcr hammer Enor 
strains which upset die adjustment or 
cause premature failure arc exerted on the 


delicate parts of the steam pre ss ure reduang 
N-alsT 

Usual!) steam equipment is protected 
against dirt in the steam by a strainer wluch 
is installed in the steam Imcjusi ahead of 
the sterilizer Such strainers should be 
cleansed just after a nc^^ insialbtion lias 
been put into scmcc and at >*carl) inlcr- 
\*als thereafter 

Figures 249-251 nimimic common de- 
Mccs for reducing the prcxnirc of <inm as it 
IS supplied from llic boilers (u^^lI\ 3000 to 
3S00 mm Ug) to die 1536 mm of prcimrc 
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PRESSURE REGULATING VALVE 


Pilot tube to sterilizer 


Regulating bellows 


Adjusting handle 



Bellows seal 
Valve stem 


Valve seat 


Spring 


Steam supply 


American Sterilizer Company 


Figure 250 


essential for the development of a tempera- 
ture of 121 °C There are two types of pres- 
sure-reduemg valves in common use Fig- 
ures 249 and 250 illustrate one type which is 
frequently found on sterilizers in hospitals 
tliat have insisted on being able to change 
the pressure quickly and easily so that vary- 
ing degrees of heat can be used for steriliza- 
tion This shift m temperature is entirely 
unnecessary and adds needlessly to the cost 
of a sterilizer and compheates the pressure- 
reduemg valve Fundamentally this t)pe is 
a valNe, such as that showm in figure 245, 
tliat is controlled by the pressure developed 
in the sterilizer instead of being operated 
manually. In common ^nth the hand oper- 
ated valve, there is a valve seat, valve disc, 
and a %al\e stem A beIIo\\-s seal replaces 
tlic packing gland Instead of the stem 
being threaded, it is attached to bellows 
which are expanded or contracted by' the 


pressure developed in the sterilizer, thus 
the bellows opens and closes the valve An 
adjustable spring holds the valve open until 
sufficient pressure has built up m the bellows 
to overcome the spring pressure and permit 
the belloNvs to close the valve The adjust- 
ment handle acts by mcreasmg or decreas- 
ing the pressure exerted by the spring. 
Faulty operation of this valve is evidenced 
by the steam pressure creepmg up in the 
sterilizer until the safety pop valve blows. 
This condition can be due to two factors 
either the bellows leak so that sufficient 
pressure cannot be developed against the 
sprmg to cause the valve to close, or the 
valve seat and disc do not close tightly The 
former condition is accompanied by the 
leakage of steam from the valve The latter 
is usually due to an accumulation of dirt 
on the seat, preventing tight closure Oddly 
enough, this often occurs m new sterilizers 
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SAFETY POP VALVE 



to close tlie valve is supplied chiefly by the 
steam pressure m the supply Ime leakmg 
past the loosely fitted piston to aid the light 
spnng behind it to close the valve Dirt may 
cause the piston to stick and is the chief 
cause of failure of this type of valve To 
protect agamst this, a stramer is fitted 
about the cylinder parts This can be 
cleaned by loosening the cap screws and 
removing the end of the valve Leakage of 
steam from the valve indicates failure of the 
diapliragm This can be replaced readily 
After passing tlirough the pressure-reduc- 
ing valve, the steam is turned into the 
jacket surrounding tlie sterilizuig chamber 
Air and condensate which accumulate m 
this jacket are discharged from the steri- 
lizer tlirough a steam trap, figure 246, 
which must be connected to an open funnel 
so that the air and condensate are dis- 
charged to the atmosphere In many hospi- 
tals, tlie steam return trap is connected to 
the return line to the boiler m order to con- 
ser\^e the small amount of condensate This 
is not good sterilizing practice because back 


pressure in a steam return line, due to 
faulty operation of other steam equipment, 
either floods the sterilizer jacket with water 
or prevents the discharge of air from the 
j'acket, so that uniform conditions cannot be 
established m the sterilizer In a large 
sterilizer, this may result m the lower half 
of the walls of the chamber being cold and 
wet For optimum operation, the jacket 
trap should be connected as illustrated m 
figure 53 

The safety pop valve connected to the 
jacket is mstalled to relieve steam which 
IS m excess of the pressure the sterihzer will 
withstand safely. When the pressure-reduc- 
mg valve is functioning properly, the safety 
valve IS inactive Because of this, it often 
does not function for years on end and when 
the critical moment arrives for it to function. 
It sticks with disastrous results Because the 
construction of safety valves is simple, they 
present no maintenance problems other 
than the daily chore of liftmg the handle to 
make sure that the valve is free and that it 
functions easily 

A safety pop valve is quite like an ordi- 
nary valve with the exception that the valve 
disc IS held against tlie seat by a spring 
mstead of screw threads, figure 252, as is 
the case with an ordinary faucet or bellows 
in the case of the steam trap Wlienever the 
pressure of the steam against the disc ex- 
ceeds the downward thrust of the spring, 
tlie disc leaves the seat and steam escapes 

When the safety valve pops continuously 
and the surgeons are annoyed by the hissing 
of the steam, do not tighten down on the 
safety valve to stop the noise but have the 
sterilizer repaired so that the safety valve is 
able to perform its normal function Steri- 
lizers have exploded because careless main- 
tenance men screwed down on the safety 
valve as the easiest solution of a problem 
they did not understand 

In most sterilizers, tlie steam is led from 
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ACTION OF AIR EJECTOR 



Ftocu 255 


lhejad.ct through a control valve mto 
diambcr In some itcnlircrs, this control 
V'alvc u identical vviih tliosc m figure 245 
In others, an operaung valv-c with multiple 
ports IS provided to control simullancousl> 
the admission of steam to the chamber and 
Its discharge through the vent Service on 
the latter l>pc of valve is difTicult and when 
such a vulvc leaks, a ncv\ one should be 
installed 

As tlic ilcam is admitted to the stenlizing 
chamber, the air and condensate arc dis 
charged through tlic chamber dram Imc. 
A screen is prov ided to catch detritus which 
might plug the drun Imc Tins scre en must 
be lifted from the cxliaust port at w-ecki) 
micTvals and llioroughlj cleansed before 
being replaced 

Little attention need be paid tlicrmomc- 
ten located in the chamber dram line be 


cause thc> arc designed to give foolproof 
service and unless their dnh arc broken, 
thc> need not be tampered wiili 
The air and condemate ejector is mcrcl> 
a scnsiUvT steam trap WTicn cold the bel- 
lows contract and the poppet is lifted from 
the trap scat so that iir ind condensate cm 
be dLvJiargcd frcclj figure 253 / /\ftrr ill 
tlic air and condcn'atc are eliminated ind 
steam fills the air and condensate line Uic 
bellows arc heated and the) expand forcing 
the poppet against the imp v^ii to prev en t 
the escape of steam, figure 2')3, 2 ami to 
permit pressure to be dcvxlop^ in Uic 
stcnlircr As vxm is cold condensate or 
more air accumuliics in the trap the 
bellows cool and conimct aeim Ihc iir 
ind condensate trap is tlic hit of cquipmmt 
which must Ik* clirckcd carrfullj iKi-au^* 
failure of this trap is responsible for mirh 
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unstenle goods The chief cause of failure 
is that durt acounulates in the air and con- 
densate discharge line or trap and occludes 
it, preventing the escape of air ^^^th the 
detrimental effect on sterilization outlined 
in Chapter VTI. The fact that a sterilizer is 
new IS no indication that this trap is func- 
tioning properly. In one hospital, faulty 
operation of a new sterilizer "was reported 
Investigation revealed that the insulating 
material which had been applied to the out- 
side of the sterilizer had been stored tem- 
porarily in the chamber and ^vhen steam 
was admitted, odds and ends of insulating 
material got into the air and condensate 
line and plugged it so thoroughly that a new 
line had to be installed. 

- The patenc)' of the chamber drain line 
must be tested periodically by pouring a 
quart of \vater doism the exhaust port, 
e.xcept in sterilizers equipped for vacuum. 
If the ^vater drains a^vay freely, the drain 
Ime is free of dirt and the air and condensate 
ejector opens properly. If water does not run 
through the discharge line freely, the cm^er 
of the trap should be removed and the 
bello\'.'5 taken out. Any dirt which has 
accumulated \‘.’ill usually be ob\ious because 
it customarily collects in the body of the 
trap. If no dirt is present, more water 
should be poured into the exhaust port. If 
it does not run into the body of the trap, 
the discharge Ime is occluded and must 
be removed for cleansing In sterilizers 
equipped for vacuum, a check valve is pro- 
\ided in the air and condensate line to close 
it when the vacuum is drawn, figure 58, 7. 
This valve prevents the use of the water test 
described 

The gages on dressing sterilizers require 
adjustment occasionally Although this ad- 
justment is relati\ cly unimportant from the 
point of \'iew of stenlization, it does affect 
the operation of the sterilizer in that an 
accurate mdication of atmoiphcnc pressure 


within the chamber is necessary to indicate 
Avhen the door can be opened safely. Ad- 
justing the needle to 0 accurately is easily 
done by unscrewing and removing the dial, 
figure 254, 2, and insertmg a screw driver 
into the slot in the center of the needle, 
figure 254, 3. WTule the needle is pinned 
against the dial to hold it stationary, the 
screw driver is turned in the direction neces- 
sary to make the point of the arrow indi- 
cate 0, figure 254, 4. Several trials may be 
necessary to obtain the proper adjustment. 
The dial is then replaced, figure 254, 5. 

The doors of steam sterilizers present 
many problems ^vhlch can be avoided by 
proper operation and maintenance Doors 
are the most important mechanical part 
because they vrithstand high pressure when 
the sterilizer is in use The door of the ordi- 
nary cylindrical sterilizer, 40 cm in diame- 
ter, is subject to an outward pressure of 
910 Kg. It IS obvious that proper locking is 
essential for safety. Doors are made steam 
tight by a rubber gasket set in a groove in 
the head ring of the sterilizer. Only suffi- 
cient pressure against the gasket is required 
to prevent the leakage of steam. Greater 
pressure causes deterioration and early 
wear of the gaskeL The majority of steri- 
lizer attendants close the sterilizer door and 
screw up the hand w'heel as tightly as possi- 
ble before they turn on the steam. The 
proper tcchmc calls for closing the door, 
throvring the locking bars, and turning the 
hand \vhecl until resistance is felt The 
steam is then turned on and the sterilizer 
attendant stands by as pressure is built up 
in the chamber. As soon as steam leaks out 
beU'.een the gasket and the door, the hand 
wheel is turned up enough to stop the leak. 
Pressure may build up agam to the leaking 
point and the hand wheel is turned up a 
second time This is repeated imtil the door 
IS leakproof vhen the maximum pressure 
has been dc\ eloped in the chamber In this 
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ADJUSTING GAGE NEEDLE 



Ficrur 254 


v.*a) ihc unnecessary presmre and early and ihc Such fomiTi bodies cut ihc 

dcsuiKajonof the gasket caused by the usual gaskets and begin minute 1ctL< whirh cnu»^ 
technic IS a\ ended early dcienoration 

Another point in the maintcmncc of Tlierc are two u-pcs of ga»keis in common 
gaskets IS to be ccrtiin dial loose ends of use — the formed ga«kcl and the continuo-it 
iVkine or cloth safely pins and s\irc do not lenctli t\'pe TTie cliicf points to br olr/nnrd 
protrude beyond the edge of the door when in rrpbcinc: a formed ea ket irr m m.ilc 
•t is closed to get caught between the door certain that the grocriT ti Uiorcrj-lU) 
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FITTING HEAD RING GASKET 

CuJ sharp end en 



Figcre 255 


cleansed and that bits of old gasket are 
scraped a\vay. Ne^v gaskets are usually 
apparently too long to fit the groove The 
excess material must be fitted uniformly 
into the groove This is done most easily by 
marking diametrically opposite points on 
the gasket and inserting these points into 
the top and bottom of the groo\^e The 
halves of the gasket are then fitted as evenly 
as possible into the groove Care must be 
taken not to t\‘.Tst the gasket and to fit it 
smoothly. The area of the door which nor- 
mally impinges on the gasket must be 
carefully inspected and any irregularity 
must be removed ^^•ith emery paper so that 
the new gasket is not pitted by dirt or bits of 
old gasket vhich have adhered to the door. 

A small amount of po^\dered graphite or 
talcum pm'.der is applied to the door before 
it is closed against the gasket If the gasket 
is supplied in continuous lengths, it is a 
httle more difficult to insert because it must 
be cut just long enough to fit vreU. The old 
gasket is removed and the door is cleaned as 
mentioned pre\'iously. One end of the con- 
tinuous gasket is then be\-eled. figure 255. 
so that the bevel faces the plane of the door. 

The gasket is pressed into the groove care- 
fully for about 30 cm. Thirt>' cm. further 
along about 10 cm. of gasket are inserted 
into the groove, lea^ing a small hump of 
gasket protruding from the groove. This 
loop is then carefully forced into place In 
this ’/.av. the gasket is inserted imder com- 
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pression rather than tension and \m 11 have 
longer life This maneuver is repeated until 
the starting point has been reached The 
gasket is measured accurately and cut to 
fit the beveled end which was initially m- 
serted mto the groove 

The hmge, door lockmg mechanism, and 
the center stud of sterihzers require periodic 
lubrication \rith graphite suspended in oil 
Proper lubrication not only makes the parts 
work more easily but prolongs their life 
A check list for the proper mamtenance of 
one t}y>e of steam heated dressing sterilizer 
follows Similar check lists, specifically de- 
scribmg the maintenance of each sterilizer 
and suitably fi-amed for mounting near the 
sterilizer should be furnished by manufac- 
turers. 

Service Check List Large Rectangular 
Sterilizer 

1 Inspect head ring gasket 

2 Inspect door locking mechanism. 

3 Oil hmges, thrust bearing, locking plate, 
and threads of center stud 
Adjust pressure gages to register zero when 
sterilizer is under no pressure 
Pour one gallon of water do^\’n air exhaust 
line. If there is an obstruction, clean out 
line or replace beIlo^^ s m trap. 

' Fill rim of head nng wth ater. If it docs 
not drain promptly, clean out dram line. 

. Turn steam into jacket; check operation 
of the trap draimng air and condensate 
from jackeL Passage of air should be audible 
and condensate \Tsible. If neither air nor 
%\ater fio\%'5 from trap, replace bello^\s 
' Check door gasket v.ath full head of steam 
There should be no leakage. 

'. Inspect valves and adjust or repack stem 
glands to prevent leakage vhen val%e 
handle is being turned — steam supply 
valve — steam \'alve to chamber — vent 
^’al\e 

> Inspect safet}' p>op \^ve, blov off val\e 
^^•ith sterilizer imder full pressure 



11 Prcssurc-reducmg valve — a4ju*t to main- 
tain a temperature of 121®C m the exhaust 
line. The jacket pre ss ure must not exceed 
875 mm. Hg 

INTTRUUENT WASHER STERILIZER 

Instrument washer sterilizers, figure 109, 
present problems common to both the pres- 
sure sterilizer and the nonpre ss ure steri- 
lizers Because water softeners are used 
routinely along with the detergent, scale 
formation docs not occur The only factor 
^v’hJch must be emphasized is that the 
ejector, a trap similar to figure 253, be- 
comes fouled with bits of rubber goods or 
string more easily than the air and conden 
sate qcctor m the dressmg sterilizer When 
this occuri, the pop valves blow frequently 
because air is bemg vented through them 
and instruments arc likely to be dirty after 
thar removal from the steniizcr because 
protem scums, alkah earth soaps, and 
grease did not escape through the ejector 
It IS a simple matter to unscrew t^ cap 
and clean the discharge trap 

WATER STERILIZERS 

The chief item m the maintenance of 
water sterilizers, other than the routine 
inspection and tigh tening of valves, is to 
change the filters, figure 220, whenever 
they become plumed with sediment The 
amount of sediment m the water supply 
deter min es how frequently such changes 
arc necessary 

In hard water areas, lime salts are de 
pouted as scale on the heating surfaces In 
steam heated \vatcr sterilizers, the steam 
coil may have to be removed several times 
yearly and the scale scraped off Gage 
glasses may become coated on the irmdc 
vtith lnnc salts so that they do not function 
properly Gage glasses can be removed and 
cleaned Before rcmovmg them, be certam 
that a complete set of new gaskets is on 
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hand so that the glass ran be reinstalled 
properly 

Air filters on modem water sterilizers 
almost never need attention As long as the 
water flows fixcly from the draw off faucet, 
the air filters are not plugged When the 
flow duninishcs shortly after the faucet has 
been turned on, it is evidence that the air 
filter is plugged \vith dust and requires 
replacement 

STILLS 

The proper fimction of stills depends upon 
keeping the generator free from residual 
sohds and the heating surfaces free from 
lime salts The need for cleansing is indi- 
cated by decreased output or, better, on 
the basis of experience with the particular 
still In hospitals where much distilled 
water is used, daily or \vcckly cleaning may 
be necessary In others where httic \vatcr is 
used, monthly cleaning may suffice. In 
areas where hard water is not a problem, 
stills can be run mdefinitcly without any 
cleaning whatsoever Only the generator of 
the still need be cleaned The condensers 
should never be touched 

Decreased output of distillate from a still 
heated by steam may be due to faulty trap 
operation or back pressure m the steam re- 
turn hne. To insure satisfactory distillate, 
the steam and water pressures must be 
maiDtamed at steady levels. The pressure- 
reducing valves installed for the purpose 
should be checked penodically When stills 
function properly, storage tanks need not 
be cleaned The only other maintenance 
Item IS the inspection of the valve stem 
glands This is particularly important be- 
cause stills may be located where dnp from 
these glands can be ann oying 

ELECTRICALLY HEATED EQUIPIIENT 

Electrically heated equipment calls for a 
minimum of service once a suitable installa- 
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tion has been made Most difficulties arise 
from improper installation Here, the chief 
fault IS the careless matchmg of the voltage 
of the heating coils with that of the power 
outlet so that excess voltage causes early 
deterioration of the heating coils or low 
voltage causes provokingly slow heating 
False economy m selecting inferior electrical 
control equipment or elimmating essential 
safety de\^ces, such as low \vater cut-offs, for 
the sake of sa\ing a few dollars is the chief 
cause of excess service Unnecessary tamper- 
mg \Mth electrical equipment is another 
source of mamtenance costs Routine mam- 
tenance of such equipment is limited to 
cleanmg of the heat exchange surfaces The 
penalty for neglect is slow heating and 
ultimately burning out of the heating 
elements 

GAS FIRED EQUIPMENT 

Gas fired equipment presents a problem 


in routine mamtenance because gas burners 
must be cleaned and the holes kept patent 
The flame must be checked for proper com- 
bustion periodically A good gas flame is 
one cm high and is blue \vith an orange tip 
When the flame is too small, the sterilizer 
heats slowly. When the gas mixture is bad, 
irritating odors result Once properly ad- 
justed, periodic cleanmg of the burner and 
mixmg chamber must be enforced At each 
cleaning, the flame should be inspected 
and adjusted if it is not burning properly 
Besides the safety devices essential to proper 
combustion, gas fired eqmpment must be 
protected by automatic pressure regulators 
and low water shut off valves to make its 
use safe and to avoid excessive replacement 
cost This eqmpment requires httle mamte- 
nance except for the low water shut off 
which may become fouled with scale This 
device must be checked every time the 
boiler IS cleaned 
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Qi y g en kit, 377 40 JLJO 
pbyaical hynot for 3^ 40. 323 
TtotHatioct o4 327 

Centrlfw, op era tbe o4 320,321 40.379 
Q»rD3al, lor adao r p U r^ fihratioii, 276 
Charrlns 

o4 drtaals* wTtppea,^ 
s ttcrfliibf acent, 96 

Oi^niL-al 

acthrlty o4 g tr nii d ds , 22, 30 


uborptleQ co o c e n tratbo o4 cerml* 
dds,23 

o4 arspoolea. 36. Saa aba Ac^xnls 
o4 brinbs, 36. Saa aba Bntsbs 
wltb cblorioe comporradi, 25 Saa aba 
Cbiorloe compeuDds 
definitioQ o4 22 
cfl eciJ ii aftat of, 23 30 
wltb ethyl aicobol 23 24 25 Sw aba 
Ethyl aicDbcd 

arlth ethyl propyl afcoboi, 25 Saa aba 
Ethyl prepyl akofacd 
eyikra tkn ol cffidieocy o4 22 
of ffoort, 36 

wlthfonDaldehyde,27 28 34 35.5« 
aba Formaidehyoe 
o4 fomltnre, 36 
o4 hollow pcrdls, 150 
o4 InatTumcnta. 5 m InatnUDcota 
CDttbx 34 148 37 33 
orblbalrpoloflcal, 35 
tekacmlc, 35 

with bdme ctanp oondi, 26, 77 .Set 
alia Iodine 

with bopropyl a Imbed, 25 Saa aba 
laopropyl alcDbal 
with bme paatt 26 
of, 31 

with mereurlal rroop hbtorr o4 8, 
17 19 20 & 
effecthrencD of, 29 
b eperatba room, 22 
with pbenof gnnp, 29 
with quaternary ammoolmn aaha, 28. 
Saa aba Qaatenary amawpinm 
talti 

o4 rabber foodi, 34 
c4 tbeflac catb et e r a, 34 
with aodJam hypachlorlte aokitloo 
26 Saa aba Sodhnn bypochlorlta 
•efatko 

e4 nr^kaJ nt, 36 
o4 DlasOa, M 
c4wiIiiL36 

Chfiaicah, for blnvenoca eae, 228 
CSllcrlDe wa nj-i fm A 
ditadraotajs o4 25 
rermbldal actioD cd 25 
biditay,6,7 13 16 
for ikfa dulnfectioct, 25 
lodhnn hypochlorite aohitioii. Saa 
Sodbm hypochlorite aolutkn 




QclecyaUctomy 

diatJagfor 213 237 40 237, 234, 2JJ 
podtlaDlnw patient for 241,40 239 
Chrondois, In isUnnnenta, 134 135 137 

f~Ln+« 

ekctilc timer on steam sterlEier 82 
for itAm cterUxera, 80. 40. 71 
in r oom, 74 75 

Color fer operation room Qoen 123 
Conmraaknblc da eaae terbntr 40 315~ 
3t9 

bailin, unttbiHon of 343 
bath water ^Trpml cd, 343 
beddbf nnltkalloo of, 55 57 
bedpans, aasitisalion cr 343 
car* of patient fa, 343 ^ 343 346 
347 

care of unit b, 343 344 
channelt of inf ecUon b, 337 339 
doae contact b, 338 

aanitinboa of 53 57 
contaminated tnppEs, diipouJ of 
341 

dcffnitloDof 336 


dry watte, dhpcatl of 342 
eq uj ga m t for care of patient io 

ercret a, dlipcaaf «f, 343 

fows QM of 344 3^40 3^ 349 
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Coraraunjcable disease tediiuc — cznl-r icd 
iu5ton of, 4-21 
isolation la, p.im of, 537 
masls for, 123, si/ JZ5 
mmimstl contact in, 35S 
moderate contact m, 33S 
on open srard, 33S 
precaution chart for, 540 
relauon of, to operating room, 336 
rubber gbi es, care of, 35S, 342 
terminal disinfection m, 350, 351 
transmission of disease m, 337 
ultranolet radiation in, 33S, sii 198 
unnals, sanitization of, 343 
\-i£ilors 33S 
trard maids, 55S 
Traste cans fo", 542 
■traste food disposal of, 342 
Condensers, in stills, 277 
Conduction, 65 131 
b\ dr\ heat, 92 

Conjun^val sac, disinfection of, 1S6 
Convection 
effect of an on, 65 
of saturated steam, 5S 127 
Cooper, in instruments, 134 
Corrosion 

atmospheric, 132, 136 137 
chemical attack as cause of, 139 
of cutting edge instniments, 146 
electrochemical, 136 
of hoUon needles, 150 
immersed, 137 

inhib Don of 10, 17, 52, 137, 141 
in germiades, 50, 31 
in steam 14S 

of instruments, cause of, 132, 133, 134, 
136 

inhib'Pon in manufacture of, 15S 
resntance of stainless steels to, 13S, 140 
Cotton 

in neurosurgen , IIS, *77 121 
sutures, 16S 
C*aniotom\ 

draDmgfor,250,*77 248 249 
positioning patient for, 250 HI 247 
sheet fo* craping 103, iff 105 
Cutting edge instruments 

nmnrement on nurse’s table, 215, 
HI 212, 212, 214 
blades stcnhanlion of 34 iff 35 
cause of dullness of 147 
inpim to. b\ heat, 34, 146 
in mechanica] facto-s 34, 147 
StercinatiDn of, b*. chemicals, 34, 
14S 

bv div heat, 147, iff 147, 211 
in oJ 14S 
in steam 14S 

Cj'stDSCopes, (Lsmfectinn of 35 

DDT as insecticical acro'^ol, 261 
Demncentra'c*, in still, 279 
Dens jes 

i_r 5? 65, O'? 92 127 
c-ca.- 5? 65 60 127 iff 58 
Dental mstraments sarntmaaon o’^, 95 
Dennonners 

■^s-ma3ith^-de ras 27 
snamm hipochjo'"te so''ut.on 26 


f— — c ahlc*'ce o^ raercu r* lO 152 
■^-Dm ■^o-aaaldib -de so’uL-cn 27,34 



for hollotv needles, 14S 
for instruments, 132 
in instrument'-nWier sterilizer, 144 
pHisoderm, 1S5 

quatemarv ammonium salts, 28, 29, 184 
for skin , 186 
srmthetic, 186 
table of, 186 
Dextrose solutions 
container for, 151 
fifp per cent, preparabon of, 298 
e per cent, preparabon of, 289 
Dieth\ lene glj col, as corrosion inhibitor, 
148 

Dishrrashmg, 342, 543 
Disinfecbon 

by aerosols Sk Aerosols, Air 
of ampoules 36, 37, 170, 172 
of brushes, 36, 172 
chemical, 22-37 
of floors, 36 
of furniture, 36 
of instruments, 30-37 
of skin , 177-187, 231 
of surgical gut, 36 
terminal, in histon , 6, 13 
technic of, 262-274 Set also Termi- 
nal disinfecbon 
Distilled Tvater 
carboT. for, 279 
coUeebon of, 279 
conducb\nb of, 280 
contaminabon of, 275, 276, 277 
distiUabon, 276, 277, 279 
purit) of, check for, 280 
pjTOgen test for, 280, 281 
Ebll pnmtng, effect of, 279 
storage of, 279 
Drapmg 

for craniotomt , 250, *ff 248, 249 
of eitrermtj , 256, *ff 255 
of field for operabon, 251, 237, HI 233, 
234 

for fracture surgen , 250, *ff 252 
imth hah sheet, 237, *ff 238 
vnth laparotomt sheet, 237, iff 235 
for mastectomj , iff 244 245 
for penneal Eurgerj, 256, 261, iff 257, 
259, 260 

skm for dismfecbon, 231, iff 232 
for ihtTOidectonrv 246, iff 242, 243 
Tnth Tret torrel, 257, iff 236 
for TTound exasion, *ff 254 
Dressmg cans, 72 
Dressing cart, iff 334 
Dressing drums, 72, 128 
Dressing kit, iff 329 
D"esEing, Tvound, 331 332, 335 
Dressmgs and dn goods 
cans, use of, 72 
contaminabon bi insects, 261 
cotton “patbes_^’ 118, 120, iff 121 
drums, use of, 72, 128 
flats 118 

icsicr- of, 7 9 11, 15 16 15 
Mikulicz pads 118, iff 117 
packaging, for stenl.zabon, 74, 97 
pape* 'v-appers fo-, 128 
soonres 3 IS -ff 114 115 
E,enhtT tesb technic lor, 89, 90 
stcrihzcrs fo*, 123, 126 
rtenhzabon of histo-r of, 30, 16, 
37, IS 

techmc of, 97-131 
rtc-age of stcnle supphes, 103 
rarpcnl go— ru 103 
tc-mmal s.eriLzauon of, 263 
bps, 315 *'” 120 
Ir-Ttb 120 121 
trapped am n 128 
ulc-nne pack, 115 iff 119 
~rt. cressmgs, ca,3e c^ 129, 351 
Dg bta, 

(i.-ana mstrumenti, 132 
fc- sambzabon cf dental mstrummts, 
95 

sterIIlEat.cn ca'bng ecre instru- 
ment 1-37 
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glass sjTinges, 152 
hollow needles, 150 
hmitabons, 92 
imcrobiadal acbon, 93 
ophthalmological instruments, 36 
penod of exposure, 93, 95 
uses, 92 

sterilizers, construebon of, 95, iff 94 
histon* of, 4, 5, 6, 20 
tj-pes, 93, iff 94 

Etenlitj mdicators, effect on, 84, 85 
Dust control 

and bed clothing, 192 
and floors, 191, 332 
use of \-acuum cleaner for, 332 
Dies 

for alcohol, 24 

for formaldeh} de solubon, 28, 37 
for quatemarj' aimnomum salts, 29, 37 
for textiles, 123 

Electncallj heated sterilizer 

mamtenance of, 365, 366 
vapwr control m, 49 
Electnat^ , gerrmadal acbon of, 38, 39 
Electroh SIS, as cause of corrosion, 136 
£lectroplabng of instruments, 134, 135 
Emergency' stenlizabon 
hazards of, 142 
indicabons for, 142 
in instrument-washer sterilizer, 143 
in saturated steam, 60 
Emen paste, use of, 133, 134 
Energy exchange in saturated steam, 57, 
58, 62 

Ethy 1 ^cohol 

ad\-antages of, 23 
alcoholometer, use of, 24 
bactenadal concentrabon of, 23 
dyes for coloring, 24 
formula for, 24 
genniadal efBaency of, 24 
hmitabons of, 23 

maintenance of concentrabon of, 23 
monograph for, 24 
for skm disinfecbon, 25, 181, 182, 183, 
184, 231 

Ethy 1 propy 1 alcohol 
ad\‘antage of, 25 
formula for, 25 

for skm disinfecbon, 25, 182, 184 
Exposure to steam for stenlizabon, 74, 76, 
129 

standardizabon of, 129 
timing of, 76, 182 
Extrcmibes 
drapmg, 256, iff 255 
posibonmg, for surgeiy , 256, iff 255 

Feet, preoperabi e disinfecbon of, 184, 185 
Fer er therapy 41 
Film, bactenadal, on skm, 177 
Filters 

for blood, 312 
cleaning of, 281, 283 
types of, 281 

m water Etenhzers, 306, 307 
Filtrabon 

of distilled water, 276 
use of aebrated charcoal for, 276, 289 
FlasLhoods use of, and disadi'antages, 
298, iff 21S 
Floors 

dismfecbon of, 36, 191 
oiling of, 191 

Fluids, EtenJe, m operating room 

containers for, 219, 298, 300 
do'mres for 298 HI 299, 300 
pourng of, iff ZIS 
Fluo*oicope 

drape and guard for, 114, HI 112 113 
drapmg at operabon 250, -ff 253 
Fo*maldeh\ de 
acbon and use, 27 
as deodoTzer, 27 

(Lm^cebo*! ampoules, 36, 37, 172 
metrumerts, 27, 28, 34, 35, 56 
rurpcal gut, 36, 263 



FamiUeliTdc — antivHJ 
dUofcctor iS 01 SS 
tae of dY« b- 28 37 
oe of ^11 IB KibitioDS of. 28 
dlndruittra of 77 i6 
fonnukt, 2/ 28 

Focms, for blood oae, 306, 310 0 

x» m 

fCESalBS 

•dd-dtnte-dcxtrcae (ACD) 312 
boctedddil Qn^IT? 
mit mw iiifrftuni 86-83 
ctl^ afcnbo), 24 
ediTl pnjprl tfcobrl, 25 
floor oa,m 

formildcfayde a^hitioot, 27 28 
badlTriinf flaidi, 83 
k)>llQe,26 
putc, 26 

morpfuoe ■ofa tfc m, 302 
ptrnitenl aofaitkot, 289 
qoatenitiT unmoniiim nits, 29 
Factart luiiMy 

dnfi«1cr 250 0 252 
oe of Soomocmio, 250 tO 253 
pn^ tWifar pctjcnt for 250, 0. 251 
252 

Umc, 13 36 
Rocril,28,29 
wnfhnn hjrpodilodte, 26, 36 
twmTnal^ 270 

C-11 

hi tfmalrMi y rV Wutk tl, 28 
In 185 

hiiaap, 180 
GtCt^lUKS 

ftcrffiadob of in v&ter ttgrffftrti, 
303 

Go-firtd cteriSzesi, 49 
naiDtenuce of 366 

Quprtn 

ehuhscf 281,286,0 212 
CBC^mal wuha for 231 0 222 
^Rbaduof 151 

nacaTsi 

WrrtRnrinn of ISO 151 

fJTbcB, dctnhtg and rtcribadoo <if 

isrTa 

tot for dfollnm, 281 

GlSS^rSi«t) 

tartcd a noder fitrwth of 1T9 
bofOng vater nirfllnrinn effect cL 
156 

dtanlEfof 154 

dry tfctmk: for oao, 207 226. 227 0 
224 225 
diyin*, 154 
hiftray of tae, 11 19 
tarbi g W of, for itpfTtndoo, 156, 
0.25? UP, 160 161 
patddngof 153 
powdertnfof, 154 
panctaracf, 153 
tot fat 154, 0 255 
™nor»l afte Mtic cue, 262, 263 
a 264 

■fartfaoof 153 

of, 156, 160 

wet technic for oae, 206, 207 211 0 
_ aw 205 aw 

u aao«h, 193 

^ clctnoce, la iteam ateriEim, 

TO.72, 127 l5r 


IWgeixtiT* (fidnfectfcn of opgatof*!, 
dfdnfectfap of patfanti' 
S*™rticieal focparentPa]flnidi.283 

®tiltectnr» of In hbtotT 13 


Hot.«ir oTtc 

EndtatfafS of ae, 93 0 P4 
tleazQ itirfBaT coomted to, 127 
for aterfBntkp of entdof edfe b* 
■tmiDesti, 148 
as atedExe- 93 
HjpodenDo dj ils 
appaiatia for, 296 
hntfao of inKcikn, 296 
pab fram, 296 
technic of 296,0 297 

Infectfcrts 

poatopera ti ye, Cnro talcam^lS4 
of woQDds, from ah’. 188, 
frVD dreMnr 331 
fromikbTl?? 178 
luectiddal agoaofa, 261 
TnsrrtJ , b operatfog lootn, 26f 
InatroiiBit mao technkfor 200,226.0 
221 

lutnnBenti 

*tnFy|T wirm^ 137 

135 

care of 1^ 

rha^rA^I dklnfcctfoo of, b r^iVirtw* 
coccrpauiuls, 25 
cootaloer for 34, 0 J3 
enttbg edges, 34, 36 
cilKriure for 31 
b formaidchjrdc gu, 27 
b fonoaldebyde ntitthn, 27 28, 34 
b fadint tobtfan 27 
Bmltatfaos of. 30 

n phthatriMiIfUirel l iiati 35, 

b <iaateniary ■m nw^^hrm salt, 29 
mles far Qse, 30 
cmrrSabfa dfabfectanta, 29 
tefascncfc lutnnoents, 35 
chwrobm. 134 US 137 
copper 134 

enrodoo of air cfauince, effected, 141 
prerotfaDof 132,154 
prote c t! re eoadan to ptmiL 134 
anodcD bhlbftfao 10, 17 30 ^ 141 
dffjtil, oaidatloa of M 
dafgo hUb r y of 8 17 
dstractfaDol 132 154 156 
dryteg of 132 
dectrtpfatbg of, 154, 155 
bridmcM of cootambatkn of 30, 141 
martbffof 132.154,0X31 
nfakriTul, 135, 137 
oOlng of 93 141 
mks for itsiuxbf 53 
stab if sted. 158 
sttrOixatkai of aittbg edges, 146, 148 
b dry hat, 1^95 
c m f j gencT 142, 143 

cWtku, in 

preoperathre, 10 145 
rviukltes for 141 
teenhmi. 143 263 270 
stUbemof 133 134 
tbc, 133 
■Boy of 140 

In itnmiat t tabfa, drapfng of 2 6, 0 
220 

lastnnoent mbs atti{E» 0 145 
loT emergeecy cterlHatfao, 10 
mechaskm d 144, 146 
for preoperatlTe strrlBiatkn, 10 
' sttifUntlaQ, 144 270 

itigtso 

bRsbes, dlibfectioQ of 3^ in 
dOntfani of 26 
formula for 26 
Emltatloai of, 26, 27 
brd^i&bfectbn. 26, 1^ ^ 185 

TTT4|»rif>i of wocndi 

dn^dng for 256, 0 254 
effect a tap watar b, 303 
tray for 0 254 
Isopropyl atfiabril 
aorantagci of 23 


(hbtfaDi of, 25 

for ddn di^eetke, 10 


of, 97 98 206, 0 XCO 

troogh, ose of 97 93, 103 
tying, 0 102 
unwrapping of 206, 0 202 
wrapper for 97, in W 
wrapiing 9S, 0 101 
Latex TODber deterkratian of 153 
TJm^ paste 

oOTta, (Odnfectkai of, 343 
floon, okbfectkD of 36, 191 
focr nu la for 26 

iHn, daMectkn of 26,182,10 10 
OSes of 26 
b wocods, 186 
Lben 

: of 123 

itka of after septic cases, 274 
Itnsbar pemetme kit, 0 329 

Migneafom alloy b bsmcaenti, 140, Ilf 
hlabtenance 

air and coedBjmte etector 361 362 

chamber drab fine 362 

check fist ferr 361 

check ralre, 355 

dnssbg stexiHia',07 0 356 

efcctrioilly heated eqafpmeot, 363 366 

extesa rapor regnlstor 355 

gages. 36570 ^ 

gas^bed tc iuip r u ent, 366 

parts. 

heatbg ccfl, 354 
bstnimcstHrashs sterfOt^ 365 
bbrkstiOD of parts b, 364 
BCDpreme stcrUser, 353 
pttunr e-re d ud n g wres, 358, 359 0 
357 359 

porpose ef 352 
safety pop Tahre, 0 360 
scab brTMtkrii 352. 353 
steam gejnitor 353 
steam heated eqnlpoot, 353 
steam randy rum, 353 
sterffixCT Qom, 362 
itilli,365 
thenDcrsetera, 361 
water itallleers, 365 
water wopply vsWts, 355 

b caDm i ui labte disease emtioL 123 
0 125 

d Lci ericy of. 190 

wlb^mes, 190 
falstcwy of 11 20 
lanaderhig of 
msteiiali b, 190 
siugkaL 123, 0 124 
me of 189 190 191 
hlastectcBiy 

bkoy in, 246 
<fisbiectlng ikb for 246 
draping for 246 0 245 
poaltfciolpg patknt for 246, 0 244 
sheet for ^ping, 103 0 106 
3Icchaaical cleansing 

brash strokes oecesHiy for ISO, 181 

of opealhre Add, 10 

of perineum 10 1S7 

ef Ikb. in 1T9 

t l iiw for ISO 10 

of ragbs, 10 1S7 

aTwwtalriVT^i fignfti 

u dlsbfectants, 8, 17 19 20 29 
for ikb disbfectkcL, 178 10 
inkriHn pad 

b baste kit, 172,0 /t» 
hi laparotomy kit, 0 lOO 
njsking. dhtctfacs for 0 117 IIS 
Uooel metal 

composilioD of 137 
diwdTSsUges of US 
OSes of 138 
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Morphine solution 
■mth atropine, 302 
container for, 151 
formula for, 302 
stabihtj of, 301 
sterilization of, 302 
storage of, 302 
Mouth, cleansing of, 186 

Needles 

in formaldeh>de solution, 27 
hollow, cleaning, 148, 286 
corrosion of, 150 
dullness of, 148 
failure, causes of, 148 
frozen, 151 

sharpening of, 148, 150, ill 149 
stenhzaUon of, 150 
milhners’, 168, 170 
read} mg for operation, 215, i// ZI6 
surgical, arrangement on nurse’s table, 
ill 213 
Nephrectomy 

positionmg patient for, 241, ill 240 
sheet for, ill 103, 106 
Nickel plating of instruments, 134, 135 
Nomograph for alcohol, 24 
Nurse’s mstrument kit 

asscmbhng, 172, ill 175 
opemng, ill 208 
passmg, 209 
stenliMtion of, 172 
Nylon, 164, 165 
brushes, 172 
sutures, 168 

Oil 

and bactena on skm, effect of, 179, 180 
for bedclothes, 192 

effect on stenhzaUon of mstruments, 93, 
141 

for floors m operaUng room, 191 
on rubber, 153 

in sharpening needles, 148, 150 
in stenhzcrs, 21, 42, 52, 65 
on sj nnges, removal of, 152 
Oil stenhzcrs 

lUustraUon, 94 
hmitaUons of, 93, 148 
uses of, 93, 148 
OperaUng room 

aerosols, ilsc of, 193 
air m, contaminaUon of, 188 
air in, stenhzaUon of, 189, 197 
bedclothing, care of, 192 
chemical disinfccUon m S'ec Chcrmcal 
dismfecUon 
clcanmg of, 191 

clothmg aom m, 191, 192, 200 
colds in personnel, 190, 191, 335 
design of, histors , 17 
draping m See Drapmg and position- 
ing 

cssenUals for Eurgerj , 200, 22/ 
cipiosing opcraUsc site, 231, t// 230 
floors m, cleaning and oihng of, 191 
glo\ cs, use of See Glo\ es 
gowns, use of See Gowns 
instrument corrosion, 139, 140 See 
also Corrosion 

instrument taWe, opening of, ill 220 

iighUng of, 227 

linen, djrng of, 123 

nurse’s table, arrangement of, ill 207 , 

209, 210, 211, 212, 213, 214, 218, 
219 

opening kits, 202-206 
posiUoning paUent See PosiUoning 
paUent 

preoperaU\ e factors, 227 
preparauon of paUent, 227 
restraining paUent, 227-229, ill 228, 
229 

•km, disinfection of opcniU\c field, 
231, iff 232,233 
supplies for l3parotora\ ,206 
sutures, arrancement of, 215-219, ill 

210, 211, 216, 217 


team organizaUon m, 200 
terminal stenhzaUon m, 262-274 
turbans m, 200, ill 201 
ultraviolet m, 193, 197, 199 
Ophthalmological mstruments, disinfec- 
Uon of, 35, 36 

Qxj’gen therapy, kit for, 327, ill 330 
Packagmg 

of basm kits, 172, 174, ill 173 
dry goods for stenhzaUon, 74, 80, 97, 
129 

glass synnges for stenhzaUon, 152 
rubber gloves for stenhzaUon, 156, 158- 
161 

suture matenal for stenlizaUon, 168, 
170 

Parenteral therap> 

caramehzaUon of solutions, 288 
chemicals used for, 288 
contammaUon of water for, 275, 276 
disassembhng kits for, 296 
dispensmg flmds for, 283 
equipment for, 283, 284, 285, til 284 
expendable tubmg for, 288 
hypiodermoclj sis, 296, ill 297 
infusion kits, 285, 286 

assembling, 286, til 287 
packagmg, 286 
stenhzaUon, 288 
storage of, 288 
phleboclysis, 292 

preapitates m flmds for, 281, 288 
preparaUon of flmds for, 288, 289, til 
290 

reacUons m, 275, 281 
reqmsites for, 276 
retummg apparatus used m, 296 
soluUons u^ for, 288-292 
StenhzaUon of flmds for, air, efi'ect of, 
288, 289, 291 
coohng of, 292 
heaUng factors, 289 
penod of exposure, 291 
sUUs, 276, 277, 278, 279 
PasteunzaUon, history of, 42 
PeneUaUon 
m dressmg drums, 72 
of drj’ heat, 92 
of steam, 58, 76, 127 
air, effect of, 65 
overloading, effect of, 129 
of superheat^ steam, 61 
of wrappers on dry goods, 97 
Permeal procedures 

cathetenzaUon m, 261, til 259 
disinfectmg pienneum m, 261, ill 258 
drapmg for, 256, til 257, 259, 260 
MsiUotung paUent for, 256, til 257, 
261 

preoperaUve preparaUon of paUent 
for, 185, 187 

sheet for drapmg, 103, til 106, 108 
pHisodcrm 
with G-11, 185, 186 
for prcopeniU\e douches, 187 
Phlcbocl>sis 

assembhng equipment for, 292, 293, ill 
294 

bottle, changmg of, 296 
clamp, use of, 293, 296 
endmg of, 296 

rate of injecUon, 293, til 294 
sphnUng for, 293 
\cmpuncturc for, 293 
Phlebotom\ 

ccchjmosis foUowmg, 317 
table for, 314, iff 315 
technic of, 314 
trunk for, 314, ill 315 
Phjsical destnicUon of bactena, 3S-42 
Plasma 

aggluUnms in, 321 
bottling of, 324, til 323 
coUecUon of, 321, 322, til 323 
cultunng of, 324 
donors, mstoiy of, 321, 322 
freezing of, 325 
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heatmg of, 325 
infusion of, 325 
pooling, til 323 
poohng kit for, 314 
preservaUve for, 312, 234, 325 
serum jaundice from, 321, 322 
stenhty of, test for, 324 
thawmg of, 325 
PlasUcs 

composiUon of, 162, 164, 166 
denvaUon of, 160, 168 
heat, and solvent resistance of, 163, 165, 
167 

hospital uses, 162, 163, 165, 168 
propierUes of, 162, 164, 166 
typies of, 162, 164, 166 
Platmg 

cadnuum, 134, 135 
chromium, 134, 135, 137 
copper, 134 
methods of, 135, 136 
mckel, 134, 135 
saUn finish, 136 
zme, 135 

PosiUomng paUent 

for cholecystectomy, 241, til 239 
for cramotomy, 250, til 247 
for fracture surgery, 250, til 251, 252 
for hemorrhoidectomy, 241, til 239 
for mastectomy, 246, til 244 
for nephrectomy, 241, t/f 240 
for pielvic surgery, 241, til 241 
for permeal surgery, 256, 261, til 257 
for exasion pilomdal smus, 241, til 
239 

for thyroidectomy, 246, til 242 ^ 

Potassium bitartrate, for rubber gloves, 
154 
Powder 

hazards of use, 154, 191 
IxistoperaUve mfecUons from, 154 
for rubber gloves, 154 
StenhzaUon of, 154, 156 
StenhzaUon with rubber gloves, 156, ill 
157 

types of, 154 
PrAeatmg 
effect of, 62 

glassware, for stenhzaUon, 151, 152 
vacuum, as cause of, 64 
PreopieraUve 

dismfechon, of skm of orieraUvc field, 
184, 185 

of hands of operator, 180, 183 
dressmgs, 183 

StenhzaUon of mstruments, 142, 143 
Pressure cooker, 

as formald^yde dismfector, 35, til 
35 

as stenhzer, 57 
Procame soluUon 

alkahne soluUon of, 301 

buffers for, 301 

contamer for, 151 

detenoraUon of, 300, 301 

as infiltraUon anestheUc, 300, 301 

for nerve block, 301 

pH of soluUon, effect of, 300 

preparaUon of, 301 

m spmal anesthesia, 301 

StenhzaUon of, 301 

storage of, 300 

Proctoscopes, care of, 328, 330 
Puerperal fever, history of, 4, 5, 6, 12, 13, 


Quatemaij ammomum salts 
acUon of, 28 
advantages of, 28 
deimaUUs from, 28 
dj es for, 29 

formulas for soluUons, 29 

in glove basms, 29 

for mstrument dismfecUon, 29 

for skin disinfecUon, 28, 29 

Roccal, 28, 29, 36 

uses of, 28, 29 

Zephiran See Tlcphiran 



j paimtail tfaenpr 

275 iSl 

RatinSsf tlimaosrtm, 00^ Si 
Rectxl poririfTTing patkfit for 

Eotnfaiti, for patfent on openUlnf table, 
227 -S 9 ib Z2S 229 
Koccal.2S,29 36 

Rmt^ njt, bactnMdal actfcn o£, 39 
Kobbcr 

ItiW^ ■ffrfflnrinn of 172 

baiUiici, 2 S 3 

detokntkn of 153 

<Wrfnfx*Hn>i of in fJilf»4tw compoiindi. 


25 


in focnaUebjdc nfatlon 27 34, 
Stt GIotcs 
gotta petba, 34 
Klectlan afiJ3 
ibeetfatL ftcrSntloD of, 160 
■team, raatnictioc of 60 
ijiitbetki, 34, 153, 166 166 
tmotnal itMBBUion of 270 


136 


Safe 


fe^ control, 


Saoitarx phmUnf 

eSectcoM^m >trrfniirtno 65 66 
.. o iterlEsen, 44, 52 
Qof 44 


— J 103, 2J7 240, ffl W,/(J7.2Jt 
kf a jola a y ■pnMBt.fC itf iJI6 
fokSt«, 10^ JOS 

(«ttcm for, 104 
p^thKiiDDt ,98 
naittctonir, 103 246 
pcdDcaL l(a a 106 JOS 
nml, 103 

nbber ■fwfWr.tfnn ifiO 

■aaD lipartitxanT 103 
toroid, 103 


gpeidoacDpe. are of, 326, 330 

foD, In wormd dreohigi, 19 


tt nirm a t lc iktB preparation, 184, 185 
*tokl flora of eDdB- gVrrea, 1/9 
Owfc mpr riir lr ] fitm, 
fedp■^r» 179 

re-ertaiBihmcntcrf, 179 181 
«Biing cf 177, 171 179, 180 183 
5»6unfaaticn ni ITS, 183 
*53witafQr.l78,184, 185 

. Ucblaiie cf luercmj 
17a, 182 

tbJoriae cBcir »« m i4« 23 
®»aitiil»fcr IM 

tt^tlcoii^IS, 181 182, 183, 184 

G-U 180 185 
jerfiaa. 26, 184 185 

tkoboL 25, 182 
Sioe parte, 26 ife, l83 185 

^ Wptfc owa, 263 

bypochkatte actotkai. 26 

dieartn^a, 183 

^ior tterile fleld. in 178 


prccfietlin, of opciatirc field, 184, 

of operator^ baoda, 181 185 
teaddnx, 181 
ihavlagir 183 184 
rret dreHingi for 185 
vocod frmtmmlnatim fnxQ, 177 179 


1,151 


fcT tterflTiT door 79 O 


i>T watCT 43-53 
l 7 di 7 'bat ,93 
It aate 55 

Scroton, preo^ a thre freparatko of, 181 

Septk am, tomtoal rterfHatkai fofb*. 
!n|, 262-2^ ^ tit* Temilnil nlcril- 
Icitkxi 

8eniaJn«Uce,321 322 

Sba*^ the openthv field, 183 1 84 , 

SbeetL Sm tbi Drtpfnx tad paddoehif 


with G-ll 
for preoperatbra aembUnt of opq atl ie 
fieki,l83, 181 ^ 

for ilda dkWectloo, 180 
Sodhtm carbooata, ai ccrralon inHbftca 
52,141 148 

Sodhim ddorkW aototlon, tdatenr of, 8, 17 
Sodhpn hy dfoii de 

aTkahiK aokite f<w prooiac, 301 
ai CDcrockat lohfbftor 52 
Sodlmn bypocbkrlte aofaitko 
actw of 25 

ai asoaol. 26, 193 250, 251 
for bnabea, dUnfeetkn of 36 
coQcentratim of 26 
ti deododicr, 26, 237 32& 330 
for Ikwra, <fiimfcctlaa of 36, 191 
for fomltare, dblnfcctkn of 35 
263 

lime parte, 26 

for azyeen maaka, ckanhag, 327 
328 

for daabg, .ta, 

330 

26 


nsa of 26 
Sodtirni tatrmlodochfTw^pbtbakia, rterl* 
Batkn of Xu 


Batkxi of 

ftati^ m, J16 JJS 
kooukc, 118,40. 225 
la b£i Ut, 172 
la kptrofooT Ut, 40 JOO 
lonr 114,43. /f4 
ptdbfiQf, 40 US 
podtMO la hpanrtiBBT kU, 40 KO 
podtioe hi bada Ut. J73 
tipi, 118, a J20 
Spore* 

<xi loftromenta, 141 
tn operathif room. 111, 142 
Stahd« ttm 

attacked by 139 140 
aitloj *te^ 139 
cnttlog qoall^ 139 
cerreske of 140 
idDdlng of, 140 
Beat treatment of. 140 
liirti ujiKuta of in 138 
typa of, 138 
Steam 

dattltrof,S8,65,69,m 
flovliif , use « 54 55 
laeacmt^ 21 57 68, 74 
ntaratMTadvantafa of, 37-60 
(Vftnidoo of 57 
drying effect of 58 
hi emerfency rtcriUntlc^ 60 
g> e^ ' oEdianga of 57 SS, 62 

itforoacondcrpraBiTc 57 


55 


htat e 


L59 62 


:teiie^of, 58,5 
■tr cff^Qf,6S 
hi urn g iiratliig 60 
Smltatlm of 64-67 
Bopetheathig. aae of 61 62, 129 
baaardi of w 
prebathig, aa ante of 62 
vaemr m , el CEiae of, 64 
ndcrotikida] pr opo tk a id, 57 59 


off a^ rtraie, effect w 
period of e ip o wue , 59 60, 74 76 


aanltary phmbfof for 65 
ttedUxatui in. Sa Steam rterilljBtlaD 
Etperhatinf of 21 55 57 60 61, 62, 


61 


tupply 56 
tcBperatnm. _ 
romme 5 

r ‘i'7i 1 


wat er l a p a ufJri n tkn,BTti ltitfcrBoC.55 
wetting, effect of 58 
Steam iteKffiatioo 

air deaiaece in, 21 42, 52, 69 70. 72. 

73 74, 151, 289 ^ ^ 

analory of, Tu, 417 7/ 
bacterWofic stody fer contnd of. 
86-90 

condenatkm in, 57, 58^59 62 
conaerratkii of, 68 69 
mntimlnttkm trera, 67 
c n e z iy from, 66 
vaporliatke of 58 
wet drcrtingi from, 67 129 131 
centroid 81 82,417 32 
control factora, 74-91 
defi ni tion of 43 

e mcig CD C T 60 

fac£btk(/cr 76 
fautmrrtrma for 79 
loading tterffijcr for 7^ 80, 129 
period of opuanr e far, 74, 76, SO, 82 
peracnnel fartor fn, 7^ 80 , 81 83 81 , 


I3I 


qnaatltadre aapect* of, 59 S 59 
rukafor 129^1 
qnaSty of ateam taed for 74 
■terlHztr capacity for 78, 129 
StedHty hafiaten 
AiTooor tubes, 84 
Aseptic thenao-todkatnr 85 
bactoiolcigic testa of 86-90 
cost cf 85 
l>itck,83 84 

hf tbennometcr 83 84 42Z. 84 
Steamdos, 85 
Sunflemeter 84, 85 
Tdote»t,84 
▼ahte cf 85 
SteUlty t9ta 

cootnfi fer 90 

for cotta, pue, ditsafnn, t9 
iBactiratlBg fiddi, fonmik for 88 
for Bcpiida, 86 

mcdlom for, fonoiila, 86 87 88 
for aoBda, 8/ 
for antnr^ 89 
technk for 88, 89 90 
SterHadoo 

air, effect of 21 42 52, 69 70 H 73 
cf caaina, 172 

by boflng water 10, 17 20,21 142 

dbottka,151 

of brabea, 10,36, 172 

of dreaamgi, 10, 76 , 17 18,97-131 

by dry beat, 92-96 

cs gkaanre, 150 151 

of giorea, 156 

cf DoUow secdlet, 150 

by hot air 13 20,65 

of inftnioo Um, 288 

of instnnmiU, 141-148 

cf powder, 1^ 156 

preoperattve, 142 

reqokta for, 21, 42 52 53 358 

ofnibber 152-lU 

of aohilioos, 289 

byrteam,9 10 20 21 54-73 

of soHanimidet, 93 

of ntnra, 16& 170 

et tyrinret, 152 

14t 144 146,262-274 

Sterihsers 

Arnold. 54, 55 477 54 
bofflng water 10 17 43-^353 


_D of 44 52 6«i 67 

design of 21 67 68 69 74 
drtaaiog, 123 216 
lor dry beat, 95, 142 
dry beat, 4 5, 6, 20, 93 94, 95 
e m ei' c enCT 142, 143 
lilstaiyci 9 10 20 21 


142 144, 146. 363 

rnaintmaac® of 78, 352-364 
Dooprtasnre:- Sa Beflnr water 
rtrmm blstoty of 7 8, 9 7 7 18, 20 21 
water 302-W7 



Slenliztr carnage 

loading of, 129, 131, ill 128, 130 
U-pcs of, 1 29 

Suleltes of needles, 148, 150 
Still, ill Zn, 278, 279 
cleaning of, 277 
condenser in, 277 
contaminated i attr in, 270 
deconcentrator in, 279 
dia,£rams of, 277, 278, 279 
entrainment in, 277, 279 
t ajwrator, des'gn of, 277 
heat suppl> of, 277 
importance of design of, 270, 277 
pressure reduang valve for, 279 
pnming of, 279 
test for, 280 

StraPfication of steam, 70 
Sulfonamides, stenlization of, 95 
Sunlight, disinfecting action of, 38 
Superheating 
causes of, 01, 02, 129 
definition of, 00 
dtsadeanlages of, 00, 01 
cflecti /enc-cs of, 01 
microh'adal poi er of, 01 
penetrapon of, 01 
preheaUng of, 02 
of suture matenal, 108 
•vacuum, effect of, (A 
rA aler \ apor, under pressure, 55, 57 
Surgical drapes Set Drapmg and posi- 
Poning 

Surgical go ms 

folding for sterilization, 103, ill 110, 
111 

history of, 8, 17 
pattern for, 109 
putPng on, ill 222, 223, 224 
errors, 220 
technic, 220 

removing after septic case, 203, ill 
204 

Surgical speamea, care of, after septic 
case, 203 
Sutures 

arrangimcnt of, on nurse's table, 211, 
215, 219, ill 210, 120, 217 
lioilable, 108 

cotton, slenhzaPon of, 108 
nonboilable, container for stenlization, 
30 

disinfection of, 30 
effect of heat on, 95, 108 
terminal stf rilization of, 203 
n. Ion, stenlizaPon of, 108 
opening tubes of, 215, ill 217 
process of manufacture, 93 
silL, slcniizaPon of, 168, ill 109 
on sPaighl needles, 108, 170, ill 171, 
216 

technic for use of, history of, 10 
V azmg of silL, 108, ill 170 
in ound healmg, 335 
Svnnges, glass 

breaLage of, 152, ill 153 
cleaning of, 151, 152 
corros'on of, 152 
failure of, l5l 
paclgiginr of, 152 
steam itemlization of, 152 


Table- are, dis nfection of, 20, 28, 29 
Ta’-talum, 141 
7 ele-vOjjic instruments 

hazard' of di' nfection, 35 
Et'-am sterilization of, 35 
Te-m'yrature 

bactcnciH^l ejects of, 39, 40 
meai-'ingin steam st'nliz/r, 74, 70 
serr cal ap./ho-tion of, 39 
fo' therr,-! des'ruction, 39, 40, So, 70 
T'Cir 'e strcnrtfi o' t'grtile-', 01 
Terrm''aJ dism'eclioa, 0, 13, 30, 142, 350, 
351 


Terminal stenlization, foUovnng seppe Vapor conPol, 49, 50, 52 
cases, til 204-269, 271-274 Vapor pressure, 57 

of basins, 270 Vasehne gauze, stenlizaUon of, 92, 93 

deCmtion of seppe case, 202 Venipuncture, technic of, 293, 290, til 295 

of drapes, 203, 270 Vents 

of dry go^s, 263 cormection of, 49 


of furniture, 270 
of gloves, 2/0 
of instruments, 263 
alternate technic, 270, 274 
of laundrj, 270, 274 
of operating table, 270 
of rubber goods, 270 
Puck for, 262, 263 

V astc, dispoE^ of, 263, 270 

V aste pail, 270 
TezPles 

adsorption po-ver of, 62 
charring of, 62 
dehv draPon of, 62, 64 
m <hy heat, 92 
dying, 123 

laundenng of, 62, 64, 127 
preheating of, 62 
m saturate steam, 60 
in superheated steam, 60, 61 
tensue sPength of, 64 
in vacuum, effect of, 64 
Thermometers 
lag, 83, 84, til 84 
recording, 80, 81, ill 79, 80 
m steam sterilizers, 57, 78 
locaPon of, 68, 73, 74 
lyjxx lor, 74, ill 75, 79 
ThermostaP, on steam stenlizer, 80, 81, 82 
Thvroidectomy 
(iraping for, 246, ill 243 
positioning paPent for, 246, ill 242 
shc-et for drapmg, 103, ill 106 
Ticonium, 141 

Ties, for LiP, 97, 98, ill 99, 102 
Tor els 

folding, for use in kiP, 120, til 122 
posiUon in laparotomy kit, til 100 
for sign draping, 120. 121 
Transfer forceps, 31, 34, ill 32 
Tubing 

expendable, 288 
Latex, sttnlixaPon of, 153 
penrost, 160 

terminal stenhzaPon of, 263 
rublicr, cleaninm 285, 286, ill 282 
for parenteral therapy, 284 
size of, 285 

stcnlizaPon of, 172, 170, 285, 286 
terminal, 270 

for suction, arrangement on nurse’s 
table, 215, ill 212, 213 

Ultravuolet 

for air, in operaPng room, 193, 199 
bacteriadaf activit> of, 194, 195, 196 
for conPoI of colds, 199 
for floors, 191 
hazards of, 195, 190, 199 
lethal penod for, 195 
limitations of, 196 
measunng quantil> of, 194, 195 
ph>’siological effeep of, 193, 194 
ultravuolct curtains, 199, 338 
uses for, 197, 199 
for ' -a ter stenlizaUon, 307 
LmbiLcus, cleansing of, 186 
Utenne pack, 118, ill 119 

Vacuum 

cleaners to control dust, 332 
eff'-ct on textiles, 64 
removal of air, from stcnhzer by , 64, 09, 
123 

\'agma, preoperaU c preparaPon of, 185, 
187 

\ alvcs, til 354, 355, 357, 358, 359, 3(/} 
presrjre reducers on stills, 279 
V aler supply , 440 Set giro Maintenance 


msPllaPon of, 49, 07, ill 47, 48, 49 
lor intravenous fluids, 284 
on V ater stenhzere, 303 
ViPlhum, 141 

V'ater break, test for dean glassware, 281, 
342 

V'ater, hammer 

m steam sterilizcp, 68, 353 
in stenhzed containere, 283 
m sterilized soluPons, 292 
Water softener, 52, 144 
Water slenlizere 

conPmmaPon of, 303-306 
filters for, 306, 307 
folly of, 302 
hmiPPons of, 303 
StenlizaUon of, 307 
for storage, 302 

ultraviolet for stenhzaPon, 307 
Water supply' 

polution of, 44, ill 45 
proteePon of, 44 
sanitary plumbing for, 44, 46, 47 
valves for, 44, 335 

vent conneePons for, 49, ill 47, 48, 49 
on w ater sterihzere, 305 
Waxing silk, 168, r// 170 
Wet dressmgs, preoperaPve use of, 185 
VTieaPtone Bndge, 280 
VTute mePl, disadvanPges of, 140, 141 
Wound exasion 

draping for, 256, ill 254 
irngatjon in, 256, ill 254 
Wounds 

conPol of infecPon m, 332 
contammaUon of, from skin, 177, 179, 
184, 334 

contaminating skin, 178 
cross conPmination of, 332 
dressings of, 331-333 
droplet infection of, 332 
heahng of, 334, 335 
lustoiy- of, 7-19 
madence of mfeePon m, 331 
infection from dressings, 331, 332 
irngation of, 256, ill 254 
paticnP' resisPnce in infection of, 333 
powder in, 154 
surgical technic of, 334, 335 
Wrappers 

for basin kiP, 172, ill 174 
chamng of, 62 

for drv goods, 97-131 Set also Dressings 
and dry goods 
for gloves, 1 50, til 158-161 
lor laparotomy kjt, 97, 98, til 99 
for nurse’s kit, i// 175 
paper, 128 

V el dressmgs from, 129, 131 

Zcphiran Chloride solution 
for ampoules, 30 37 
for brushes, 36, 172 
m coramuracable disease control, 
338 

for conjunctival sac, 180 
dyc-s for, 29, 37 

for ophthalmological insPumcnP, 
30 

for oral cavity, 186 

vith pllisodcrm, 185 

for 'Ian disinfc-ction, 182-185, 231 

in terminal stenlization, 203 

V ct dres'ings in, 185 

V et fdoves in, 290, 207 

V ct tov cIs in, 237 
Zinc alloj in inspumenp, 140 
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